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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


—Some Activities and Services Open to Members— 


Conventions.—The Institute holds three national conventions each year; the Winter Con- 
vention in January, the Summer Convention in June, and the Pacific Coast Convention usually in 


September. 


Employment Service.—The employment service is a joint activity administered by the Civil, 
Mining, Mechanical, and Electrical Engineering societies and is available to the membership of these 
societies. Branches of this Department are located in Chicago and San Francisco, the main office being 
located at the societies headquarters in New York. The service is designed to be mutually helpful to 
engineers seeking employment, and concerns desiring to secure the services of engineers. This depart- 
ment is financed by contributions from the societies maintaining it and from beneficiaries of the service. 
Further details will be furnished on request to the Managers cfthe Employment Service at the main or 
branch offices, addresses of which will be found elsewhere in this issue. 


Scope of Papers—lInstitute papers should present information which adds definitely to the 
theoretical or practical knowledge of electrical engineering and may be derived from activities in any of 
its branches. Acceptable subject matter is as follows: New theories or new treatments of existing 
theories; Mathematical solution of electrical engineering problems; Researches, fundamental or 
practical; Design of equipment, and of electrical engineering projects; Engineering and economic 
investigations; Operation and tests of electrical equipment or systems; Measurements of electrical 
quantities; Electrical measurement of non-electrical quantities; Applications of electricity to industrial 
or social purposes; Education; Standardization; Cooperative engineering organizations; Ethical and 
social aspects of the profession. 


Attendance at Conventions.—Taking part in the Institute conventions is one of the 
must useful and helpful activities which membership in the Institute affords. The advantages offered 
lie in two distinct channels; technical information and personal contacts. The papers presented are 
largely upon current problems and new developments, and the educational advantages of hearing and 
taking part in the discussion of these subjects in an open forum cannot but broaden the vision and aug- 
ment the general knowledge of those who participate. Equally advantageous is the opportunity which 
conventions afford to extend professional acquaintances and to gain the inspiration which grows out of 
intimate contact with the leaders in electrical engineering. ‘These conventions draw an attendance of 
from 1000 to 2000 people and constitute milestones in the development of the electrical art. 


To Members Going Abroad.—Members of the Institute who contemplate visiting foreign 
countries are reminded that since 1912 the Institute has had reciprocal arrangements with a number 
of foreign engineering societies for the exchange of visiting member privileges, which entitle members 
of the Institute while abroad to membership privileges in these societies for a period of three months 
and members of foreign societies visiting the United States to the privileges of Institute membership for 
a like period of time, upon presentation of proper credentials. A form of certificate which serves as 
credentials from the Institute to the foreign societies for the use of Institute members desiring to avail 
themselves of these exchange privileges may be obtained upon application to Institute headquarters, 
New York. 

The societies with which these reciprocal arrangements have been established and are still in effect 
are: Institution of Electrical Engineers (Great Britain), Societe Francaise des Electriciens (France), 
Association Suisse des Electriciens (Switzerland), Associazione Elettrotecnica Italiana (Italy), 
Koninklijk Instituut van Ingenieurs (Holland), Verband Deutscher Elektrotechniker E. V. (Germany), 
Denki Gakkwai (Japan), Norsk Elektroteknisk Forening (Norway), Elektrotechnicky Svaz Cesko- 
slovensky (Czechoslovakia), and The Institution of Engineers, Australia (Australia). 


Library Service.—The Engineering Societies Library is the joint property of the four 
national societies of Civil, Mining, Mechanical, and Electrical Engineers and comprises one of the most 
complete technical libraries in existence. Arrangements have been made to place the resources of 
the library at the disposal of Institute members, wherever located. Books are rented for limited 
periods, bibliographies prepared on request, copies and translations of articles furnished, etc., at 
charges which merely cover the cost of the service. The Director of the library will gladly give any 
information requested as to the scope and cost of any desired service. The library is open from 9 a. m. 
to 10 p. m. every day except holidays and during July and August, when it closes at 5 p. m. 
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A Message From the President. 


STANDARDS 


Ai the meeting of the Board of Directors held January 29th, important action was taken concerning 

the standards work of the Institute. This matter is of so much importance that the attention 
of members should be called to it at this initial stage of the movement to invite their thoughtful 
consideration. The resolutions adopted by the Directors follow: 

The American Institute of Electrical Engineers, recognizing that other organizations in the 
electrical industry have the same fundamental interest in electrical standardization as the A. I. E. E., 
namely, aiding in and guiding the proper development of the electrical industry in the United States, 
hereby 

ReEsoLves: That the American Institute of Electrical Engineers approves in principle the 


‘formation of a joint agency of the electrical industry for the purpose of carrying out the neces- 
sary standardization activities of that industry. 


It is contemplated that this agency shall have three distinct functions: 


a. The Electrical Standards Committee of the Electrical Industry in the United 
States of America. 


b. The Electrical Advisory Committee of the American Standards Association. 


c. The United States National Committee of the International Electrotechnical 
Commission and of any other international organizations for the handling 
of electrical matters. 


REsoLvEs: That the President of the A. I. E. E is hereby authorized to take appropriate 
steps to propose this action to the interested electrical associations, preferably through the 
Electrical Advisory Committee of the American Standards Association. 


AND FURTHER RESOLVES: That the Institute declares it to be its intention that on the 
consummation of an organization satisfactory to the Institute for this purpose, the Institute, 
in general, will refer to that body the consideration and approval of standards in which it is 
interested. 


It will be noted that the only step taken at this time is to propose and endorse a contemplated and 
appropriate action. If the proposal is favorably considered by other electrical associations, an organiz- 
ing committee will be formed which will determine the character and powers of the proposed industry 
standards committee. Consequently details are not involved at present and the only purpose at this 
time is to call attention to the general situation and to present some of the reasons that led the Directors 
to take this initial step. 

Conditions in the electrical standards field have changed greatly during the past ten or fifteen 
years. In the early years of standards activity the Institute was the only organization active in 
preparing electrical standards. There was a need which the Institute recognized and filled acceptably. 
In the international field, when the International Electrotechnical Commission was formed, the Institute 
also became responsible for the U. S. National Committee. 


s 


Mainly during the past ten years commercial associations and the U. S. Government have 
developed active interest in standards. The A. S.A. has been formed and expanded and the U. S. 
Committee of the ]. E. C. has been made autonomous. In both these latter developments the Institute 
has had a major responsibility. As a result of these changes many new interests have been developed 
in the standards field and these interests have overlapped and jurisdictional difficulties have arisen. 

The word “‘Standard”’ implies a single authority to set up standards. With many bodies in the 
electrical field setting up standards, more or less independently, there has been unnecessary duplication 
of effort, unnecessary expenditures of time and money, and, in some instances, a defeat of the very 
purpose of establishing a common standard. . 

The organization of the American Engineering Standards Committee twelve years ago was a for- 
ward step for which the Am. Inst. of E. E. was largely responsible. It has occupied a part of the field 
above that now under consideration. The foundation of its work has been the standards of organiza- 
tions such as the Institute. The AESC and its successor (ASA) starts where the electrical organizations 
stop. It has been able to do little (by reason of constitutional limits) to eliminate duplication and 
jurisdictional difficulties among its member associations. As existing A. I]. E. E. standards are sub- 
mitted to A.S. A. (the successor of A. E. S.C.) and sectional committees are formed, the revision of 
such American standards pass automatically from the A. I. E. E. Standards Committee to the Sectional 
Committees of A.S. A. Gradually, then, standards work in established fields is passing to the com- 
mittees established by A. S. A. procedure. In new fields, the present confusion will continue in spite 
of anything A. S. A. can be expected to do. 

The increase in number of American associations interested in standard work has also complicated 
the work of the U. S. Committee of the I. E.'C. The relations between this international standards 
body and A. S. A. has also presented difficulties of an organization nature. With so many associations 
having a voice, how can the U. S. Committee of the I. E. C. determine the American position on any 
question? This situation has been very humiliating to American delegates to I. E. C. meetings and 
American influence and interests have suffered. 

The broad purpose of this movement, which the Institute has endorsed, is to unify standards effort 
in the electrical field, nationally and internationally. The Directors believe there exists an opportunity 
for the Institute to again serve the industry and the profession by contributing the experience and the 
facilities of the Institute to this cooperative effort. If this movement succeeds, both the industry and 


the Institute will benefit. : 
raha Gard 


President. 


Abridgment of 


Telephone Interference from A-C Generators 


Feeding Directly on Line with Neutral Grounded 
BY J. J. SMITH* 


Associaie, A. I. E. E. 


Synopsis.—The problem of telephone interference from a-c. 
generators, feeding directly on the line with neutral grounded, is 
discussed. It is shown that the triple and non-triple harmonics in 
the voltage wave shape cause currents which flow in different paths 
on the power system. As a result of this, the induction on parallel- 
ing telephone lines per ampere of triple harmonic is greater than the 
induction per ampere for a non-triple harmonic on a balanced 
power system. 


A method of measurement which would allow a rough comparison 


GENERAL 


| 2 eae recent years, there have been several 
cases of telephone interference arising from 

generators which feed directly on transmission 
systems and have their neutrals grounded. In these 
cases, if the neutral ground is removed from the genera- 
tor, the interference as a general rule disappears. 
Many times it occurs that the system can be grounded 
through another generator in the same station, and no 
telephone interference is experienced. In cases where 
the latter situation has arisen, the power company 
engineers are liable to regard the machine which gives 
trouble and which is generally the new machine, as one 
of poor wave shape. Investigation in a number of 
cases has shown, however, that usually the harmonics 
in both machines have been small and of the same mag- 
nitude. The difference between the machines lies, 
however, in the frequency of the harmonics which are 
present and in their behavior with respect to the paths 
through which the harmonic currents flow out on the 
line and return to the generator. 


This type of interference has also been experienced 
on systems where the generator is connected to the line 
through Y-Y transformers, the neutral of the trans- 
former on the primary side being connected to the neutral 
of the generator, which may or may not be grounded. 
The neutral of the transformer on the secondary side is 
grounded. In this case, the percentage harmonics from 
line to neutral on the secondary side of the transformer 
are approximately the same as the percentage harmonics 
in the line-to-neutral of the generator. The causes and 
remedies of this type of interference are exactly the same 
as interference in cases where the generator feeds di- 
rectly on the line with neutral grounded and will, 
therefore, not be discussed separately. 

In the design of rotating electrical apparatus, an 


*Hlectrical Engineer, General Electric Co., Schenectady, N. Y. 
Presented at the Winter Convention of the A. I. HE. E., New York, 
N.Y., January 27-31, 1930. Complete copy upon request. 


of the effects to be expected from both types of harmonics is suggested. 
This is based upon using the apparatus already available and setting 
up special connections for test. Data are given showing the results 
of such measurements made in the factory on a number of machines 
while they were being tested. 

Analyses are given of the wave shape of machines which gave rise to 
cases of interference. References are given to some of the data 
already published on methods which have been applied to relieve such 
situations. 


effort is made to keep the harmonics as low as possible, 
but because it is not practicable to obtain asine wave dis- 
tribution of magnetic flux, and since the slots introduced 
irregularities, harmonics, though they may be small, are 
always present in the voltage wave of power systems. 
With perfectly balanced and transposed power systems, 
or perfectly balanced and transposed communication 
systems, there would be no interference with the com- 
munication circuits under normal operating conditions 
of the power circuit. Due to the fact that in actual 
practise perfect balance cannot be attained, the longi- 
tudinal voltages,—that is, the voltages to ground, 
induced on the telephone line by the power circuit,— 
will act upon the unbalances in the telephone circuit to 
produce noise currents. In general, when either the 
power system or telephone system uses the ground as 
part of the circuit, the effects of the mutual coupling are 
greater than when both circuits are wholly metallic. 
As will be shown by an example later, when the ground 
is used as part of either circuit, the mutual inductance 
between the circuits is larger than that between metallic 
circuits, and in addition, grounded circuits cannot be 
transposed. 


DIFFERENCE BETWEEN TRIPLE AND NON-TRIPLE 
HARMONICS 


The harmonics produced by a generator in its phase- 
to-neutral voltage can be divided into two classes which 
are essentially different in respect to their behavior on 
the transmission line. One class is the odd harmonics 
which are multiples of 3; 7. e., the 3rd, 9th, 15th, 21st, 
etc. We shall call these the triple harmonics. The other, 
the odd harmonics which are not multiples of 3—7. e., 
the 5th, 7th, 11th, 18th, 17th, 19th, 28rd, etc.,—we 
shall call the non-triple harmonics. 

The complete paper contains a discussion of the 
triple and non-triple harmonics on balanced three- 
phase systems, and as already demonstrated in other 
papers, shows that, 
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(1) On a balanced* three-phase system, no triple 
harmonics can exist in the voltage between lines, since 
these harmonics are equal and opposite in each line to 
neutral leg, and therefore cancel out, 

(2) On a balanced three-phase system, no triple 
harmonic currents can flow in the lines unless some other 
path besides the system conductors is provided for their 
return flow. This is because the triple harmonics in 
each line are in phase and add up at any instant to three 
times the triple harmonic in any one line. The in- 
stantaneous sum of the non-triple harmonic currents, 
however, at any instant on the three lines is zero. 


If a generator is connected to a Y-Y transformer and 
the neutral of the generator connected to the trans- 
former, it is evident that the triple-harmonic voltage 
existing between line and neutral of the generator will 
also exist between line and neutral on the primary side 
of the transformer, and hence, on the secondary side 
of the transformer. Thus, the behavior of the har- 
monies when the neutral of such a transformer is 
grounded on the secondary side will be the same (except 
for changes in magnitude of voltage and current due to 
transformer ratio and effects of transformer magnetizing 
currents) as if the generator fed directly on the line. 


PATH OF FLOW FOR DIFFERENT KINDS OF HARMONICS 


When the neutral of a generator is grounded, the 
triple harmonic in each leg of the generator exists be- 
tween line and ground, and since the triple harmonics 
between each line and ground are in phase, we have, for 
these harmonics, the equivalent of a _ single-phase 
generator feeding out on the three lines in parallel, the 
path for the return flow being through the capacities of 
the three lines to ground or through any connected 
equipment with grounded neutral, and then back 
through the neutral of the generator. It is evident that 
since the ground return is one side of the circuit for these 
triple harmonics, transpositions in the power line will 
make no reduction in the induced voltage in a neigh- 
boring telephone line. 

For the non-triple harmonics, since the instantaneous 
sum of the voltages in the three wires is equal to zero, 
the amount of current which tends to return through 
the ground is very much smaller than that which flows 
when the harmonic is one of the triple series, as is shown 
by a numerical example in the complete paper. If the 
wires of the three phases were infinitely close together, 
no harmonic current of the non-triple series would tend 
to return through the ground. Due to the fact that the 
the wires are spaced some distance apart, a small 
amount of such current does flow; but this will not be 
considered further here, as the considerations applying 
to it are not the same as those under discussion in this 
paper. 

*Due to the fact that perfect balance cannot be obtained in 
practise and also since some slight impedance irregularity must 


exist in actual systems, triple harmonics will usually be found in 
measurements of line-to-line voltage. 
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MUTUAL INDUCTANCE FOR GROUNDED AND NON- 
GROUNDED CIRCUITS 


Since the paths of flow of the triple and non-triple 
harmonics are, in general, different, in order to deter- 
mine the voltage induced on a neighboring telephone 
line per ampere of harmonic current in the power line, 
it is necessary to obtain the mutual inductance between 
circuits which only involve currents in the conductors 
of the power line, and also currents which flow out on 
the power lines in parallel and return through the 
ground. 

In an example worked out in the complete paper, it 
is shown for a particular case which was assumed for 
the purpose of illustration, that the voltage induced in a 
parallel wire by a current 7 flowing out over the three 
wires in parallel and back through the earth is approxi- 
mately 40 times as large as that produced by the same 
current 7 flowing out through one of the wires and back 
through the other wires in three-phase relation; and it 
is this large ratio between the mutual inductance for 
metallic return currents and earth return currents 
which makes the effect of the triple series of harmonics 
returning through the earth considerably more im- 
portant in considering inductive effects in telephone 
circuits than the effects produced by the non-triple 
harmonic currents. 


RELATION OF THE FREQUENCY OF HARMONICS TO THEIR 
INTERFERING EFFECT ON 'TELEPHONE CIRCUITS 


A curve showing the relation between the interfering 
effect of harmonicsand their frequency has been obtained 
experimentally and the results obtained are given in a 
Review of the Work of the Subcommittee on Wave 
Shape Standard of the Standards Committee of the 
A. I. E. E., H. 8. Osborne, TRANS. A. I. E. E., 38, 1919, 
p. 261. This Committee developed a network called 
the Telephone Interference Factor Network which 
weights the various harmonics in proportion to their 
interfering value obtained experimentally. The Tele- 
phone Interference Factor (T. I. F.) of a machine has 
been defined as the current in microamperes through 
the meter of this network per volt applied to the 
network. 

If reference is made to Mr. Osborne’s paper, it will 
be noted that one of the assumptions made in deriving 
the Telephone Interference Factor is as follows: 

“a. The current induced in telephone circuits by a 
given voltage or current in the power circuit is approxi- 
mately proportional to the frequency.’ (loc. cat. p. 
268). . 

This assumption was actually put into practise by 
multiplying the interfering effects per ampere of current 
in the receiver, obtained experimentally by a factor 
proportional to the frequency, which was equivalent to 
making the assumption that the mutual inductance 
between the power circuit and the telephone circuit was 
the same for all harmonics irrespective of their 
frequency. 
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We have seen, however, in the simple example re- 
ferred to above that the coefficient of mutual induc- 
tance for the triple harmonics which flow through the 
ground was approximately 40 times the coefficient of 
mutual induction for the non-triple harmonics. We 
are presented, therefore, with the problem somewhat as 
follows: To revise the curve given in Mr. Osborne’s 
paper by multiplying the interfering effect of the triple 
harmonics by some figure which we shall call-T (40 in 
the above example), at the same time leaving the non- 
triple harmonics as at present. It would appear to be 
out of the question to design a network similar to the 
one already designed, first, on account of the great 
complexity necessary for a network which would have 
such irregular impedance characteristics, and secondly, 
because even if such a network were designed for, say, 
a fundamental of 60 cycles, it could not be used at 50 
cycles since the triple harmonics are of different 
frequency. 

By using special methods for testing on three-phase 
systems, it would appear that a method can be de- 
veloped for determining the T.I. F. of a machine 
using the extra weighting for the triple harmonics. 
It has already been seen that if the voltages in the three 
phases of a machine connected delta with one corner 
open are added, the instantaneous sum of the funda- 
mental and of the non-triple harmonics is negligibly 
small. The sum of the triple harmonics, however, is 
three times the amount of harmonic in any phase. 
Thus, if a machine is connected delta, the voltage 
measured across the open corner of the delta is three 
times the voltage of the triple harmonics in each phase. 
If the T. I. F. of the voltage across the open delta is 
measured and multiplied by one-third of the voltage 
across the open delta, this gives the contribution to the 
current in the T. I. F. network meter due to the triple 
harmonics in a single phase. If this contribution is 
multiplied by a factor T and added according to the 
square root of the sum of the squares to the current in 
the meter in the network produced when the T. I. F. 
meter is connected between line and neutral, the re- 
sultant divided by the line-to-neutral volts will be a 
T. I. F. in which the triple harmonics are weighted 
approximately 7 times as heavily as the non-triple 
harmonics. 

As an example of the application of theabove, we may 
consider the following measurements on a four-pole 
37,500-kv-a. 11,500-volt 60-cycle generator: 


Line-to-lines .... 411,500 volts 10.1. IF. 
Line-to-neutral.. 6,800 volts 15 T. 1. F. 
Open-delta..... 245 volts 800 T. I. F. 


Applying the method given above, the following 
triple harmonic weighted T. I. F. is obtained (assuming 
a value 40 for T). 


| 40) ids 
- B\2 ca f = 2¢ 
ano \ (6800 x 15)° + ( 5 X 245 x 800) = 390 
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It may be well to point out that in this method of 
analysis, the T. I. F. is referred back to the operating 
voltage of the generator. Sometimes attempts are 
made to consider the T. I. F. of the open-delta voltage 
alone; as, for instance it is sometimes stated that the 
T. I. F. of the neutral current is so much,—say 2000.* 
It is necessary to remember that the effect of the power 
system on the telephone system is measured by the 
product of the voltage (or current), and the T. I. F. 
There are additional factors such as the length of ex- 
posure, separation between lines, ete. In the above 
example the open-delta voltage of 245 volts is largely 
composed of third harmonic but the main contribution 
to the T. I. F. of 800 is made by the higher harmonic. 
It is, therefore, evident that if the third harmonic were 
halved, having a value of 122.5 volts, the other har- 
monics remaining the same magnitude, the T. I. F. of 
the open-delta voltage would be doubled, giving 1600. 
In spite of this tmncrease in T. I. F. of two to one, the 
interference which might be created by these two dif- 
ferent machines in any given location would be changed 
by a much smaller ratio and in some cases would remain 
approximately unchanged. The weighted triple-har- 
monic voltage T. I. F. would be the same for these two 
machines. 


For some time past the General Electric Company 
has been accumulating data on the voltage and T. I. F. 
measured across the opened corner of machines con- 
nected delta when these are designed so that they have 
the neutral brought out. A table giving typical results 
which have been obtained is given in the complete paper. 
In all these machines, the T. I. F. of the line-to-line and 
normal T. I. F. of the line-to-neutral voltage are very 
low. In view of the above it is of interest to examine 
the actual amount of each harmonic present in cases 
which have given rise to telephone interference. 


ANALYSES OF VOLTAGE WAVE OF GENERATORS IN 
TYPICAL CASES OF INTERFERENCE 


Analyses are given in the complete paper of the 
line-to-neutral voltage both at no-load and under load 
generators which have given rise to this type of trouble. 
In one typical case, the harmonics whose magnitude was 
the greatest in the generator wave shape, the 25th and 
29th, did not give rise to noticeable noise on the parallel- 
ing telephone circuits. The neutral current of the 
generator was mainly composed of triple harmonics 
which were all of the same order of magnitude. The 
prominent harmonics on the telephone circuit were the 
15th and 27th and the elimination of either of these by 
means of a wave trap reduced the noise considerably. 


It will be noticed that in analyses given of line- 
to-neutral voltage both at no-load and under load, the 
magnitude of the triple harmonic series was in general 

*See for example Power Distribution and Telephone Circuits, 
H. M. Trueblood and D. I. Cone, Trans. A. IJ. E. E., XLIV, 
1925, p. 1058. 
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equal to, or less than, that found in the best commercial 
practise in machine design. A study of the magnitude 
of these harmonics seems to show that none of the 
ordinary methods open to a designer could be used to 
reduce these harmonics with certainty to much smaller 
values. If telephone noise is caused by such a machine, 
the question of using means for grounding external to 
the machine should be considered, and whether general 
conditions will warrant radical modifications in machine 
design as opposed to other methods of wave correction 
external to the machine. 


METHODS WHICH HAVE BEEN USED TO MINIMIZE 
THis TYPE OF INTERFERENCE 


In the complete paper, references are given to articles 
already published describing various methods which 
have been used to relieve such situations. Some 
of the methods described apply to generators already 
installed and whichare found to giverise to interference; 
others refer to certain points which, if given advance 
consideration, may avoid later modifications if trouble 
should develop. 

CONCLUSIONS 


The difference in behavior of the triple harmonics 
and non-triple harmonics has been illustrated, and it has 
been pointed out how relatively small amounts of triple 
harmonic voltage existing from line-to-neutral may 
give rise to more noise on paralleling telephone circuits 
than considerably larger amounts of non-triple har- 
monic voltages. 

A method has been suggested by which separate 
measurements can be made of the triple harmonics 
alone, by a special connection of the machine for test. 
These measurements can be combined, if desired, under 
certain assumptions which have been given, with the 
measurements made in the usual way so as to give an 
extra weighting to the triple harmonic series which 
would correspond to their greater inductive effect due 
to the fact that they return through the earth 
connection. 

A number of references to methods which have been 
used to minimize this type of interference have been 
given. Some of these are applicable directly to the 
design of the generator and others involve auxiliary 
apparatus for the reduction of the harmonics. A little 
advance consideration of the subject of this paper may 
sometimes avoid later modifications if trouble develops. 

Although the majority of systems in this country 
at the present time are operating with grounded neutral, 
the actual cases of this type of telephone interference 
are relatively few. Many generators, of course, are 
connected to transmission lines through delta-Y trans- 
formers which greatly reduced the possibility of inter- 
ference due to the triple harmonics. The cases which 
have occurred have been serious enough, however, to 
create a real problem. 


There are so many factors involved,—such as the 
type of power system, proximity to and length of 
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parallels with telephone circuits, capacitance to ground 
of power conductors beyond parallel, etc.,—that it 
would be extremely difficult to predict beforehand in 
any given location whether or not this type of telephone 
interference will arise. In some cases in which a ma- 
chine gave rise to telephone interference on one system, 
it has been found that a duplicate machine operated for 
years in another location without giving any trouble. 
This type of interference has occurred more frequently 
in the last few years, although for many years, it has 
been common practise to ground systems and although 
the wave shape of these large turbo alternators has been 
gradually improved. It can be thus seen that the 
problem is quite complicated and worthy of study by 
operating as well as designing engineers. 


BUILDING WITHOUT WINDOWS 


Experiments are being conducted, according to 
George F. Paul of Chicago, to determine whether some 
better method than windows can be devised to utilize 
natural sunlight for the interior of buildings. There 
has been established in Chicago a windowless experi- 
mental laboratory. This laboratory is flooded with 
sunlight and sky shine by means of small bull’s-eyes 
that are located along the outer wall and near the 
ceiling to replace the usual windows. 

Dr. Frank E. Hartman, noted Chicago physicist, has 
designed this unique laboratory. He declares that 
windows are wasteful of heat, that they distract the 
attention of workers in offices, that they are inefficient 
for ventilation, and that they are a costly part of any 
structure. 

“‘Few schoolrooms and practically no large offices and 
workshops can be uniformly illuminated by windows,” 
declares Dr. Hartman. He says that much of the 
complaint of improper heating in winter is due to the 
disturbing influence of glass, and that it is difficult to 
locate direct radiation effectively when large glass 
surfaces are encountered. 

The window is, after all, more a necessity of custom 
than of fact, according to Dr. Hartman. He calls 
attention to the fact that they are located in vertical 
walls and that during most of the day they receive only 
diffused or reflected light. Furthermore, due to the 
width of the streets and the height of buildings, only 
the topmost windows derive any advantage from the 
sun during the morning and afternoon periods. 

Another disadvantage that Dr. Hartman finds is 
that most window glass shuts out the sun’s ultra-violet 
The ordinary street offers no reflecting sur- 
faces suitable for directing sky shine into windows. 
On the contrary, it offers surfaces of tremendous 
absorbing power, with the result that practically no 
sky shine enters windows. 

Dr. Hartman says finally that he believes that the 
sky shine can best be made available indoors by the 
use of a series of metallic concentrators, condensers, 
and reflectors.—Professional Engineer. 
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Synopsis.—The appreciable increase in the rating of generators, 
generating stations, and interconnected systems has resulted in large 
currents to be handled by generators, circuit breakers, reactors, 
cables, and station bus structures. This paper covers a discussion 
of the limitations on large generators and generating equipment by 
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the present standard voltages of generation, the necessity for in- 
creasing the values of generated voltage, and the design, manufactur- 
ing, and operating problems involved in building high-voltage turbine 
generators. 


ae the present time serious consideration is being 
given to increasing materially the generated 

voltages of steam-turbine generators. Generators 
of higher output are being required to meet the needs of 
growing loads. The increased currents which must be 
handled have imposed heavy duties on equipment such 
as circuit breakers, switches, cables, reactors, and other 
auxiliary apparatus. On account of the limitations of 
such equipment and the growing cost and complication 
of handling heavy currents, it is thought desirable to 
increase the generator voltage which will allow a corre- 
sponding decrease in current. 

It is the purpose of this paper to discuss the effect of 
increased generated voltage on the manufacture, cost, 
performance, dimensions, and reliability of large turbo 
generators. The paper is not intended to cover other 
phases of the matter such as reduced central station 
cost or decreased losses. These things must be deter- 
mined for each particular station or power system on the 
basis of cost, performance, reliability, and life of the 
combined generating and distributing equipment. 


PROBLEMS INVOLVED IN THE MANUFACTURE OF 
HIGH-VOLTAGE GENERATOR WINDINGS 


Type of Insulation. The most important problem in- 
volved in the design and construction of high-voltage ro- 
tating machines is the insulation of the stator windings. 
A satisfactory insulation material for use on the strands, 
conductors, and coils of high-voltage windings should 
conform to the following specification requirements: 

1. High breakdown strength when subjected to 
voltage. 

2. Low dielectric losses at normal operating voltages 
and at test voltages. 

3. High resistance to corona and static discharges. 

4. Non-hygroscopic. 

5. Relatively high thermal conductivity so that the 
stator copper losses can be dissipated with a minimum 
temperature drop through the insulation. 

6. Sufficient mechanical strength and flexibility 
for applying it to the strands, conductors, and coils in a 
satisfactory manner. 

7. Resistance to vibration and movement. 

1. Power Engineering Dept., Westinghouse Elec. & Mfg. Co., 
Kast Pittsburgh, Pa. 


Presented at the Great Lakes District Meeting of the A. I. E. E., 
Chicago, Ill., Dec. 2-4, 1929. Complete copy wpon request. 
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Mica is the only material available at the present time 
which approaches all of these desired characteristics. 
Its most serious limitation is that it is available only in 
small sheets or flakes, and does not have high mechani- 
cal strength. In order to put mica in such shape that 
it can be applied to conductors as insulation, it is neces- 
say to apply it to a paper or cloth base to give sufficient 
mechanical strength. The desired degree of flexibility 
is obtained by using relatively thin flakes and building 
up layers of overlapping flakes, together with a satis- 
factory bonding material. The characteristics of the 
bonding material should correspond to the desirable 
characteristics of the insulating material. It is es- 
pecially essential that the amount of bond and its vapor 
pressure be low, so that gases will not be liberated when 
subjected to heat and cause looseness in the insulation 
layers, and swelling or bulging of the insulation at the 
unsupported sections. The built-up insulation can be 
made in the form of tape or wide sheets, and applied to 
the coils in these forms. 

Application of Insulation to High-Voltage Stator Coils. 
In building coils for high-voltage generator windings, 
the individual strands and conductors of multiple turn 
coils are insulated throughout the entire length with 
mica tape. The company with which the writer is affili- 
ated uses micarta folium wrappers for the straight part 
of the coil sides. The end turns, connectors, and leads 
are insulated with mica tape, treated-cloth tape, 
or a combination of both kinds of tape. The micarta 
folium insulation used on the straight portion of the coil 
has been improved during the past few years by the 
introduction of a bonding material which has a lower 
dielectric loss, higher breakdown strength, and greater 
flexibility than the older type bond. The increased 
flexibility of the wrapper makes it feasible to use a 
greater percentage of mica in the micarta folium. The 
micarta folium wrapper is in one piece with respect to 
the length of the coil side, and is wrapped on and baked 
simultaneously by means of an electrically heated auto- 
matic wrapping machine. All coils are ‘‘steam” 
pressed on the straight parts after insulating in order to 
remove the volatile matter and obtain a more compact 
insulation free from air spaces. The treated tape on the 
end turns, connectors, etc., is applied by hand. Special 
attention is given to the design and actual manufactur- 
ing operations in making the joint between the two 


180 


kinds of insulation, so that it will satisfactorily with- 
stand the voltage stresses which exist under actual 
operating conditions. j 

Tests on Insulation for High-Voltage Windings. The 
use of treated cloth tape on the end turns for the coil 
insulation is desirable on account of the fact that with 
its greater mechanical strength than mica tape, it can 
be applied more tightly, and a more compact insulation 
obtained. Numerous tests have been conducted to 
determine whether the end insulation and the joint be- 
tween the mica folium and the end insulation were 
satisfactory for high-voltage windings. Coils were 
insulated on the ends with treated cloth tape and with 
several grades of mica tape. The mica tape was vacuum 
treated before being applied to the coils. All tests were 
made at usual room temperatures. The average value 
of breakdown voltage for the coils insulated with mica 
tape for 13,200-volt normal operation was approxi- 
mately 75 kv. and for the coils with an equal thickness 
of treated cloth insulation, the breakdown voltage was 
100 kv. Mica tape for 22,000-volt operation failed at 
an average value of approximately 100 kv., whereas 
coils insulated with an equal thickness of treated cloth 
withstood approximately 140 kv. The voltage was 
applied momentarily in all cases. All of the test results 
indicated that treated cloth tape is more satisfactory for 
insulating the end windings than mica tape and that 
25 to 50 per cent greater test voltage can be withstood. 
The test results indicate that mica tape is also a satisfac- 
tory insulation for the end turns and other related parts. 

A test bar approximately 8 ft. long was made to repre- 
sent a section of a stator coil for a large capacity 
22,000-volt turbine generator. The bar was insulated 
with micarta folium suitable for 22,000-volt service, 
and the ends were covered with micarta tubes in order 
to obtain sufficient creepage for testing at high voltages. 
The joints between the micarta folium insulation on the 
bar and the micarta tubes were sealed with treated cloth 
tape. The bar was tested at 65 kv. for one minute and 
did not fail. The test voltage was then raised to 100 
kv. and held for 30 seconds and no failure occurred. 
In making the test, the tin-foil grounding sheath was 
extended out over the joint, whereas in an actual 
generator, a long creepage distance is provided from the 
joint to ground. Built-up sections with 22,000 volt 
micarta folium insulation have been tested at 175 to 200 
kv. momentarily without failure. 

Insulation Tests. It is necessary, in the construction 
of higher voltage generators, to increase the magnitude 
of the voltage for the insulation tests at the different 
stages of the manufacturing operations, and the difficul- 
ties involved in making the insulation tests increase very 
rapidly as the test voltages are increased. In view of 
the fact that the dielectric losses increase very fast for 
high voltages, it is felt advisable to consider the neces- 
sity for maintaining the test voltages for appreciable 
lengths of time. With the prolonged high-voltage test, 
the insulation heating due to dielectric losses and sur- 
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face creepage may become so great that injury to the 
insulation will result, and the test actually produce 
more harm than good. It is believed that the present 
standardized final test voltages of twice normal plus 
1000 for one minute can be satisfactorily met for 
22,000-volt machines. However, for final test voltages 
in excess of 50 kv., the length of test should be materi- 
ally reduced. A shorter time of voltage application 
should be satisfactory to locate any defects in the 
insulation, and would be considerably less liable to 
injure the insulation by excessive heating. If desired, 
two or more tests of shorter duration could be made with 
sufficient time interval between tests to permit the 
insulation to cool. 

Shape of Conductors and Voltage Gradient. In de- 
signing the conductors of high-voltage windings, special 
consideration must be given to the shape of the conduc- 
tors in order to limit the potential stresses at different 
sections of the insulation. It is not only necessary that 
the average voltage per unit thickness of insulating 
material be kept within the safe working range, but 
stress concentration due to sharp corners and edges 
must be avoided. The circular conductor is the ideal 
shape from the standpoint of minimum stress con- 
centration. For a given total voltage to ground, the. 
series concentric cylindrical conductor arrangement is 
the ideal arrangement from the standpoint of minimum 
potential gradients. 

With the American type of construction in which it 
is considered necessary and essential that the coils be 
placed in open slots, it naturally follows that the con- 
ductors are rectangular in shape. If standard rec- 
tangular copper sections were used for the strands, the 
built-up conductor and coil would have relatively sharp 
corners, and there would be stress concentration at 
these points. The electric field for a conductor with 
square corners is shown in Fig. 5. In this particular 
case, the field would be as shown in Fig. 6, if the corners 
of the coils were provided with a radius equal to one- 
quarter of the copper width. Since the present practise 
is to transpose strands of the conductor in the buried 
part of the coil, it becomes a difficult and expensive 
proposition to put the necessary radii on the respective 
strands by hand. In this connection, it is felt that a 
half-round strip or strip with well-rounded corners, 
should be placed at the top and bottom edges of the top 
and bottom coils respectively. This strip would be 
insulated from all of the strands except possibly one 
and provided with the usual amount of strand insula- 
tion. This strand would assume the potential of the 
conductor to which it is applied, and would aid ma- 
terially in reducing the stress concentration at the 
corners as shown in Fig. 7. In all of these cases, the 
outside surface of the coil is provided with an asbestos 
tape covering which is filled with a high-resistance 
grounding compound. The electrostatic fields are 
based on the outside surface of the coil being at ground 
potential. As a further means of reducing the concen- 
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tration of stress on different parts of the insulation, it 
is proposed that equipotential surfaces be provided at 
different intervals in the insulation. The wrappers can 
be applied in approximately three parts, and conducting 
films can be located at the corners of the coil over 
restricted sections, and thus establishes definite poten- 
tial surfaces. The type of conducting material and its 
arrangement can be controlled so that no resistance 
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Fig. 5a—Euercrrostatic Fintp 


Rectangular conductor with square corners. (33,000-volt insulation) 


losses of appreciable magnitude are introduced due to 
circulating currents. The magnitude and distribution of 
the electrostatic field are shown in Fig. 8. 


EFFECT OF INCREASED VOLTAGES ON GENERATOR 
Cost, WEIGHT, AND PERFORMANCE 
In extending the design of any apparatus into un- 
known regions, there is a forced necessity for basing 
engineering judgment and conclusions on past experi- 
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Rectangular conductor with round corners. (33,00C-volt insulation) 


ences, and present available information. There are 
insufficient data available at the present time to deter- 
mine the best thickness of the insulation for the higher 
voltage generator windings. With a given type of 
insulation, the optimum thickness of insulation must be 
based on a compromise between the average volts per 
inch of insulation and the total thermal drop through 
the insulation due to the stator winding copper loss. 
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The data in Table II have been arranged to show the 
total space required for micarta folium insulation for 
different voltages and slot combinations on four-pole, 
1800-rev. per min., 60-cycle turbine generators. 

With the increased thickness of insulation on the 
coils for high-voltage windings, it is necessary to work 
the stator copper at a lower current density on account 
of the higher thermal drop through the insulation. This 


Fig. 7a—Hurcrrostatic Frrtp 


Rectangular conductor with half round strip on _ top. 
insulation) 


(33,000-volt 


means that a greater percentage of the stator periphery 
is required for the stator copper than for lower voltage 
machines. With the greater space required for insula- 
tion and stator copper, it is necessary to increase the 
length of the stator core in order to keep the magnetizing 
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Fig. 
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Rectangular conductor with round corners. Three conducting films 
equally spaced in insulation, completely surrounding conductor. (33,000- 
volt insulation) 


flux density in the teeth within a range of safe working 
values. If the rating and voltage are such that a larger 
number of stator slots is required, the length of the 
machine will have to be increased further, on account of 
the additional insulation requirements. Preliminary 
studies and estimated costs indicate that the manufac- 
turing cost of a 22,000-volt turbine generator of rela- 
tively large capacity would be approximately 20 to 25 
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per cent more than that of a generator of the same rating 
wound for a suitable lower voltage. Similarly, the 
increase in cost for a 33,000-volt generator would be on 
the order of 40 to 50 per cent. There would be a corre- 
sponding increase in the weight and dimensions of 
generators when built for high-voltage service. 


SUMMARY AND CONCLUSIONS 


At the present time, there is a definite need for 
materially increasing the generated voltage of large 
stream-turbine generators due primarily to the limita- 
tions in the current-carrying capacity of the oil-filled 
type of circuit breakers and to the increased cost of 
switches, reactors, and cables for the relatively high 
current values at present standard voltages. Based on 
the results of tests and research development, and on 
the operating experience with several 18,000-volt 
synchronous condensers and 11,000-volt single-phase 
turbine generators which are provided with 19,000-volt 
insulation and operate with one terminal grounded, it is 
felt that turbine generators wound for voltages between 
16,500 and 25,000 volts should give satisfactory opera- 
tion, provided adequate judgment and precautions are 
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followed in their operation. It would not be recom- 
mended that a high-voltage generator be connected 
directly to a transmission line or distribution system 
unless the existing conditions were such that the wind- 
ings would not be subjected to potential surges of 
dangerous magnitude. The cost of a 22,000-volt 
turbine generator will be 20 to 25 per cent more than for 
a similarly rated machine of suitable lower voltage. 
In the case of large capacity units, the increase in cost 
and reduction in efficiency of performance will probably 
be more than offset by the reduction in cost of step-up 
transformers, cables, and bus bars. 

In the case of 338,000-volt machines, there is no 
operating experience available for such voltages; 
consequently, it will be necessary to complete a com- 
prehensive program of research development and obtain 
reliable operating data on 22,000-volt generators 
before concluding that it is feasible to build satisfactory 
33,000-volt generators. As the situation now stands, 
the building of a 33,000-volt machine of relatively large 
capacity and great importance should be undertaken 
jointly by the manufacturer and purchaser, as a devel- 
opment proposition. 
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Synopsis.—The paper describes experiments on the charging 
current and other associated phenomena in high-grade transformer 
oil. The charging currents remaining after the elumination of the 
initial transient were studied to within a few hundredths of a 
second of application of continuous voltage. Two samples of the 
same oil obtained at different times differed radically. In one case 
the charging current fell off from the start, while in the other, tt re- 
mained constant for an appreciable time or even temporarily in- 
creased. On reversal of polarity after a long charge, the initial 


INTRODUCTION 

N this paper, we present the results of a series of 
I studies on the initial, or short-interval conductivity 
of high grade insulating oil. New evidence is pre- 
sented as to the properties of the ions involved, the 
peculiarities of the resulting electric conduction, the 
wide variations of the latter with slight change of condi- 
tions, and other matters having apparent bearing on the 

behavior and life of the oil as an insulator. 


EXPERIMENTAL METHODS 
In the present work, the principal observations were 
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current with both specimens was the same as before reversal, but 
with one a large momentary increase occurred a few seconds later. 
Evidence is given on the time of recovery of the initial condition. 
The existence of space charges in the charged oil is shown, and the 
time of formation of these charges together with the resulting non- 
uniform distribution of voltage is measured. Since it is the initial 
conductivity which determines the a-c. loss, the importance of the 


charging current in its early stages is emphasized. 
* * * * * 


those of the charge and discharge currents under con- 
tinuous voltage. The photographic records begin within 
a small fraction of a second after the application of 
voltage or short circuit. An Einthoven string galva- 
nometer was used in conjunction with a rapid charging, 
short-circuiting, discharging, and reversing switch. 
Further description of this apparatus is given in an 
earlier paper. . 
The oil was placed in an open glass vessel into which 
were immersed a pair of parallel plates constituting 
the measuring condenser. The plates were of brass, 
each of 311 sq. cm. area, and each completely sur- 
rounded by a guard ring 3.7 cm. wide in its own plane. 


THE OILS 


Oil (A). This was of the highest grade of in- 
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sulating oil, furnished by a_ well-known refinery. 
Among other data furnished by the manufacturer is 
the following: “Resistivity 1.8 = 10% ohms per cu. 
cm.; moisture content about 0.002 per cent; air content 
unknown, but approximately saturated.” 

Oil (B). As a deteriorated oil, a sample of the same 
oil as Oil (A) was taken from a 50-gal. metal drum 
which had been shipped under the same conditions, 
but from which oil had been drawn from time to time 
over a period of several months. Deterioration, if 


Fig. 


1—Or1n ‘‘A’’—Cuareer at 1500 Vottrs 


Spacing of plates, 0.15 cm. 


present, was due solely to such air as had been admitted 
to the drum during the withdrawals of oil, and to any 
possible influence of the walls of the drum itself. 


OBSERVATIONS ON OIL (A) 


Charging Current Curves. Fig. 1 shows the photo- 
graphic record of the charging current-time curve when 
1500 volts are applied to Oil (A), with plate spacing of 
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Fig. 2—Orn ‘‘A’’—CurRRENT ON CHARGE 


Spacing of plates, 0.15 cm. 
Area of plates, 311 sq. cm. 


0.15 em. This curve resembles the typical dielectric 
absorption curve noticed in solids. It is, however, of 
brief duration, the current reaching an approximately 
constant value after three seconds. This curve is 
reproduced in Fig. 2, together with those on the same 
specimen taken at 1000 and 500 volts. The curves are 
not of exactly the same shape, and the initial ordinates 
increase more rapidly than in proportion to the voltage. 
The final long time conductivity is independent of 
voltage in the range studied. We call attention to the 
probable value of the short interval method for further 
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study of this relationship in its bearing on the approach 
to breakdown voltage. 

Discharge Curves. It is usually assumed that good 
dielectric liquids show no residual charge. Both the 
oils studied here are in general accord with this 
assumption. 
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3—Oiw ‘“‘A’”—CHarRGE witH INTERVALS OF SHORT 


Crircuir 


No foregoing charge 
1500 volts. Spacing of plates, 0.15 cm 


Charge at Reversed Polarity. The pronounced differ- 
ences between the charge and discharge conditions, 
above, raise several questions as to the type, per- 
manence, or rate of recovery, and other features of the 
anomalous conductivity indicated by the charging 
current. Consequently a series of records was taken 
in which a period of charge was followed by a reversal 
of voltage. The sequence of operations was as follows: 
After a long period of charge, the circuit is opened for 
0.005 sec., following which the circuit is closed in the 
reverse direction. After 0.0025 sec., during which the © 
reversal of geometric charge and circuit transient have 
disappeared, the string galvanometer is put in circuit. 
After the short photographic record, the d’Arsonval 
galvanometer gives the long time current values. 

Upon reversal, the initial peak is absent; at 0.2 sec. 
the current is somewhat, though not much, greater than 
that immedigtely before reversal and decays slowly to 
that value. We interpret this result as indicating an 
appreciable, though not great, recovery of initial con- 
ductivity during the 0.005-see. interval of open circuit, 


Fig. 


5—O1 ‘‘B’’—CuargGeE at 1500 Voits 


Spacing of plates, 14 cm. 


and that on quick reversal of field, the conductivity 
remains substantially unchanged. 

Successive Short-Interval Charges. Further ‘evidence 
of the time necessary for the recovery after interruption 
and short circuit is given by the record of Fig. 8, which 
shows a succession of charging intervals all at the same 
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voltage and polarity, but with short circuits of varying 
duration in between, and in Fig. 4, in which we have the 
same succession of charging intervals, but which are 
taken after a very long foregoing period of charge. 
This record shows that the shorter the period of in- 
terruption and short circuit, the greater the differ- 
ence between the foregoing current pulse and that 
which follows; and conversely, the longer the period of 


6— Or ‘‘B’”’—Cuaresr at 1500 Vouts 


Spacing of plates, 1 cm. 
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interruption, the nearer the approach to the original 
condition. 

To further study the rate of recovery beginning 
after a long period of idleness, a series of charging 
curves was taken, each of 15-min. duration, with 
increasingly long intervals of idleness in between. In 
this way it was found that about three hours was _nec- 
sary to restore the oil to its initial condition. 


OBSERVATIONS ON OIL (B) 


Charging Current. The charging current time curves 
of this oil differ markedly from those of Oil (A). They 
are characterized by an initial value which remains 
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approximately constant over a period of two seconds or 
more. ‘This is indicated by the record of Fig. 5, which 
should be compared with that of Fig. 1, both being 
taken under approximately the same conditions. The 
difference between the two is further emphasized by 
the long time curve of Oil (B) in Fig. 6. 

At times the initial portion of the charging curve for 
Oil (B) contains a slight hump shortly after the applica- 
tion of voltage. (See Fig. 7.) The appearance of this 
hump is limited to records taken at the higher values of 
gradient, and is sometimes entirely absent. 

The essential differences between the two oils are: 
(1) that the initial values of charging current in Oil (B) 
are well in excess of those in Oil (A); (2) these initial 
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values in Oil (B) are substantially constant over an 
interval of a second or more while those in Oil (A) are 
falling rapidly from the start; and (8), the initial values 
in Oil (B) are closely proportional to the applied volt- 
age while those in Oil (A) increase more rapidly than 
the voltage. 

The outstanding features of all records of this char- 
acter on Oil (B) are as follows: At first the reverse cur- 
rent is approximately constant over a period of perhaps 
one second and at about the same value as that at the 
end of the preceding period of charge in the opposite 
direction. The current then rises rapidly to a maxi- 
mum, this maximum occurring anywhere from 2.5 to 7 
sec. after the reversal. The magnitude of this maxi- 
mum may be as great as 40 times the initial constant 
value of current on reversal, and from two to three 
times the initial value of charging current when voltage 
is applied to the neutral oil, the ratio increasing with 
increasing field strength. These peaks in the reverse 
current are not evident in the lower range of values 


Fig. 
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Spacing of plates, 144 cm. 


of field strength. For higher values, the principal peak 
may be followed by a tendency to a second peak of very 
low value before the current reaches a final constant 
value, see Fig. 8. 

This reversed polarity curve clearly suggests that the 
oil possesses two types of conductivity. One of these is 
quick in response and is seen in the initial and final 
charging current, in the initial current on reversal, and 
may therefore be any one of the several types of conduc- 
tivity which have been suggested for liquids—namely, 
electrolytic, or perhaps a type analogous to that in 
gases.‘ The second type of conductivity is that in- 
volved in the high peak in the reverse current. 

Non-uniform Potential Distribution. If after the ap- 
plication of voltage the oil contains separated space 
charges of opposite signs and these are distributed 
through the mass of the oil, they upset the normal uni- 
form potential gradient generally ascribed either to a 
perfect dielectric or to a uniformly conducting material, 
and cause a non-uniform potential gradient. 

The experimental method is simple in principle, being 
merely that of measuring the potential acquired by a 
test electrode or probe placed at different positions be- 
tween the two charged plate electrodes. 


On first application of voltage the potential distri- 
bution remains uniform throughout for from 15 to 30 
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sec. The potential at any point off the central plane, 
then charges with time, at first rapidly and then arriving 
more or less abruptly at a final steady value after from 
5 to 10min. This is indicated by the curve of Fig. 9, 
which thus shows the time rate of change of the poten- 
tial of plane occupied by the test electrode from its 


§ 


8 


g 


8 


2 


ol 2 


2 4 6 8 10 12 14 16 18 20 
TIME, MINUTES 


VOLTS FROM TEST ELECTRODE TO GROUNDED TERMINAL 


2 


Fig. 9—O1n ‘‘B’’—VartaTtion or Time or PotmntiaL Dis- 
TRIBUTION IN TRANSFORMER OIL 


Area of plates, 311 sq. cm. 

Spacing of plates, 2 cm. 

1500 volts between plates 

Test electrode 4 cm. from grounded terminal 


initial value pertaining to a uniform field between the 
plates. 

It is evident from the curve of Fig. 10 that there is a 
marked variation of potential gradient between plates, 
that it is symmetrical with reference to the two plates, 
and that the gradient is greatest towards the two elec- 
trodes. ‘The shape of the curve suggests that the po- 
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(After passage of current for 30 min.) 


tential gradient is steepest near the electrodes. There 
is an indication, however, of a distributed space charge, 
rather than a thin layer of high potential difference 
at the surface of the electrodes, as suggested by 
Hartshorn,’ Black,’ and others. Fig. 11 shows the 
relation between the time variation of the potential of 
the test electrode and the resulting total current through 
the oil. 
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Detection of Space Charge. The presence of a space 
charge may be directly observed by the following simple 
experiments: Voltage is applied for some time to a pair 
of plates immersed in oil, a ballistic galvanometer being 
connected in series. If the plates are moved suddenly 
parallel to themselves into a fresh region of oil, the gal- 
vanometer gives a negative swing, indicating that the 
original charge on the plates is greater than that which 
pertains to the initial application of voltage to fresh oil. 
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This can be accounted for only by the increased capacity 
in the original oil due to the polarizing influence of the 
space charge. Ifa pair of neutral plates is moved into 
the region of stressed oil following the withdrawal of the 
active electrodes, a gold leaf electrometer connected to 
the neutral electrodes gives a sharp deflection followed 
by a slow decrease due to the space charge or polariza- 
tion of the oil from which the polarizing field has been 
withdrawn. 
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The Saturation Currents. In Fig. 12 is found a num- 
ber of complete charging current time curves on Oil (B), 
the initial values being taken from the string galvanom- 
eter records and the later values being read by the gal- 
vanometer. The spacings are from 0.25 to 2 cm. and 
the voltages 750 and 1500 volts. We note two impor- 
tant characteristics of these curves: First the initial 
value of current which we have already noted remains 
constant for one second or more (not evident in these 
curves owing to the extended scale) is shown to be 
almost exactly proportional to the potential gradient 
indicating a constant initial conductivity. The value 
of this conductivity, from the average of 30 records 
taken over the whole range of spacings and voltages, is 
5.1 X 10-“mho percu.cm. Of interest also is the fact 
that a saturation condition is indicated in the values of 
the final steady current. The readings at 1500 volts 
show that the final steady current decreases with de- 
creasing spacing below 1-cm. spacing. The comparison 
of the curves at 750 volts and 1500 volts indicates that 
with double spacing at the same gradient the current 
increases. ‘These facts are in general agreement with 
the saturation phenomenon in gases, although the 
numerical relationships are not exact. 

Energy Loss Under Alternating Stress. The excep- 
tionally high insulating properties of these oils result in 
very low values of energy loss. However, in using a 
high sensitivity Wien bridge with three stages of 
amplification, we have succeeded in measuring the loss 
at 1500 and 1000 volts, 60 cycles, the resulting values 
being 1.18 x 10-‘and 0.48 x 10-‘ watts. These figures 
represent power factors in the neighborhood of 0.0008. 

The charging current curves under continuous volt- 
age may be expressed in terms of apparent resistance, 
and the values corresponding to the initial peaks of 
charging current curves for the conditions under which 
the above alternating measurements were made are 
noo) en LOM ee < 108) and 2.24 <x 10” ohms’ for 
500, 1000, and 1500 volts, respectively. If the alternat- 
ing loss be expressed in terms of parallel connected re- 
sistance, the figures given in the foregoing paragraph are 
2.4 < 10" and 2.73 X 10! ohms for 1500 and 1000 effec- 
tive alternating voltages, respectively. 

These figures indicate that the apparent resistances 
computed from the charging current curves are of the 
correct order of magnitude to account for the a-c. loss. 
In other words, the anomalous conductivity of the 
liquid is sufficient to account for the loss and it is not 
necessary to invoke any more obscure causes. 


CONCLUSIONS AND DISCUSSIONS 

The principal results of the work are: 

1. Charging current curves of a high-grade insulat- 
ing oil have been studied to within a few hundredths 
second of the first application of continuous voltage, 
over the range ().25 to 100 volts per mil. 

2. Typical dielectric absorption curves are found in 
some cases. In others striking differences and peculiar- 
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ities are found. Two orders of the same oil differed 
radically. The methods gives great promise for the de- 
tection of fundamental differences among various 
samples and materials. 

3. Short time discharge studies gave no evidence of 
residual charge. 

4. Under continuous potential the oils show a non- 
uniform potential gradient. This is found to be due to- 
space charges in the volume of the oil. 

5. Long time application of continuous potential 
improves the oil substantially, but only for a limited 
time, the oil slowly reverting to its original state. 

6. Loss measurements under alternating stress in- 
dicate that the anomalous conductivity under continu- 
ous stress is sufficient to account for all the loss. 


The work has been carried out under the provisions 
of a grant by the Engineering Societies Research Board 
to the Johns Hopkins University, the problem being 
sponsored by the American Institute of Electrical Engi- 
neers. Contributions to the fund have been made by a 
number of industrial corporations. The authors wish to 
express their appreciation of the constant interest and 
encouragement of the Engineering Societies Research 
Board and.of the support of the contributing companies. 
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SOUND WAVES VISIBLE AS LIGHT 


By means of a new device, known as the projection 
osiso, described in the Transactions of the Illuminating 
Engineering Society, it is now possible to see sound 
waves dance visibly across the screen, exactly as these 
waves dance across the air to an audience. 

The sound waves are caught by a microphone, which 
can be placed in any convenient location, and are 
conveyed electrically to an osiso, which consists 
essentially of a delicately suspended mirror that is 
oscillated in unison with the received sound waves. 
A beam of light directed on this mirror, is reflected by 
it to a system of revolving mirrors, which, in turn, 
project it upon a screen. 

When all is quiet ’round the microphone, a long white 
line is seen on the screen but as soon as any kind of a 
sound reaches the sensitive electrical ear, the white 
line on the screen is thrown into waves, much as a 
clothes line is thrown into waves when its end is shaken. 
The form of these waves varies with the sounds pro- 
ducing them, and they range from gentle ripples, pro- 
duced by low pure tones, to the most intricate of 
patterns produced by loud complex chords and noises. 


The Metal-Clad Switchgear at State Line Station 


BY A. M. ROSSMAN* 


Fellow, A. I. E. E. 


Synopsis.—T his paper describes a 22-kv. metal-clad outdoor type 
of switchgear. The design is a new departure from customary 
engineering practise in that all live parts are immersed in oil and 
enclosed in metal housings with each phase in its own independent 
compartment. 

The switchgear insures maximum safety to the operating and 


le State Line Power Station is located on the 
shore of Lake Michigan just east of, and adjacent 

to the boundary line between the States of Illinois 
and Indiana. This boundary line is also the eastern 
boundary line of the City of Chicago. The station is 
strategically located to supply electrical energy to the 
Chicago district, particularly to the industrial section 
that extends from the center of Chicago to east of Gary. 
The present plans for the ultimate station call for a 
generating capacity of 1,400,000 kw. 
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Main Bus Bars, Reactors, AND P'EEDERS 
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Reactance of each generator 15 per cent bus reactors 9.2 per cent based on 
maximum generator rating of 89,411 kw. 

The three generators of each unit are connected 120 deg. apart on the 
ring bus. There is one bus section per generator and the different bus 
sections are tied together through bus reactors 

When a generater is disconnected from the bus bars its corresponding 
bus reactor is automatically short-circuited so that but one bus reactor is 
in the circuit between any two adjacent connected generators 

The initial installation is a three-machine unit rated 
208,000 kw. at 0.85 power factor. It is made up of a 
high-pressure turbine with generator rated 76,000 kw. 
at 0.85 power factor or 89,500 kv-a., and two low- 
pressure turbines with generators each rated 62,000 kw. 
at 0.85 power factor or 73,000 kv-a., and two, 4000 kw. at 
0.7 power factor auxiliary generators, one direct-con- 
nected to each low-pressure turbine. In order to keep 
currents within reasonable limits, the generators were 
wound for 22,000 volts. At this voltage, the large 
generator has a rated current of 2350 amperes. 

The initial electrical design problem was the develop- 
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maintenance personnel and reduces construction costs for power 
station switching. 

The design is well adapted to mass production which should lead 
toward standardization resulting in a material savings in cost of 


manufacturing. 
PAS ES gee ch 


ment of a system of connections that would handle the 
ultimate output of the station without excessive con- 
centration of energy under short-circuit conditions and 
which would also give such a balance of current flow in 
the bus bars that there would be no undue disturbance 
of current flow when a machine is connected to or 
disconnected from the bus bars. The diagram finally 
adopted is shown in Fig. 1. The diagram is shown in a 
somewhat different form in Fig. 2. It utilizes a dupli- 
cate closed ring bus to which the three generators of a 
unit are connected 120 deg. apart. Adjacent generators 
are separated by bus reactors. The short-circuit kv-a. 
computed for five units (1,000,000 kw. at 0.85 power 
factor) are shown by the curves of Fig. 8. Attention is 
called to the fact that with this system of connections 
there is little increase in short circuit kv-a. after the 
second unit is installed. The oil circuit breakers have 


UNIT 3 
© REACTOR 
Fig. 2—Rina Bus Diagram SHowine Onuty OnE Bus 
a rated interrupting capacity of 2,000,000 kyv-a. By 


spacing the three generators 120 deg. apart around the 
ring bus instead of connecting them to adjacent sections, 
the second objective—a better balance of bus bar 
currents—is achieved. 

The next major problem was to design a suitable bus 
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and switching structure. The conditions that were 
considered fundamental in this structure were: 

1. That the oil circuit breakers be located out of 
doors. | 

Fires involving indoor switching equipment fre- 
quently fill the switchhouse with conducting gases 
which threaten and frequently cause secondary short 
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1—Gen. a = 72,900 kv-a. 
Gen. b = 89,400 kv-a. 
Gen. c = 72,900 kv-a. 
Total for 1 unit 235,200 kv-a. 
2—Backfeeds on each unit 
Gen. a &c = 1-20,000 ky-a. & 1-60,000 kv-a. backfeeds 
Gen. b = 2-60,000 kv-a. backfeeds 
3—Gen. reactance = 15.5% on all machines 
Bus reactance = 9.2% on 90,000 ky-a. 


circuits. Also, the dense clouds of heavy black smoke 
given off by the burning insulation and oil prevent the 
ready location and isolation of the faulty equipment, 
and retard the extinguishing of the fire. Experience of 
many years has shown that fires involving outdoor 
switching equipment are for the most part less dis- 
astrous to the equipment, and are moreeasily controlled. 

2. That all live parts be enclosed in grounded metal 
housings, each phase in its own independent com- 
partment. 

While metal-clad compound-filled indoor type switch- 
gear has been built for many years, manufacturers of 
switchgear had not yet developed designs suitable for 
outdoor service. It was therefore necessary that 
studies be made to determine the fundamental prin- 
ciples of the design. 

First began an investigation of metals to determine 
which ones had characteristics which made them 
suitable for enclosures for the large conductors. During 
this investigation there were gathered together from 
manufacturers on both sides of the Atlantic a varied 
collection of plates and tubes of non-magnetic metals. 
These included manganese steel alloys, nickel chromium 
steel alloys, copper and copper alloys. The tubes were 
of 1%-in. metal approximately 7 in. in diameter. In 
order to make the different materials comparable on 
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test, the plates were formed from 1%-in. material to the 
same diameter as the tubes, and then welded. 

Through the courtesy of the Public Service Company 
of Northern Illinois, which placed at our service the 
laboratory and personnel of its testing department, a 
series of thermal tests were run on these tubes. The 
most important test was one made by looping a con- 
ductor through all of the tubes in series and then 
passing through the conductor 60-cycle currents up to 
4000 amperes. This test revealed almost no difference 
in the temperature rises of the different tubes. This 
result was contrary to our expectation that eddy cur- 
rents would cause greater losses and consequently 
higher temperatures in some of the pipes. It was then 
decided to use copper, because copper is close grained, is 
cheaper than the other metals, is easily worked in a 
well-established industry, and successfully withstands 
wide changes in climatic and atmospheric conditions. 

It was also shown by test that the metal pipes would, 
if grounded at both ends, set up sheath currents that 
caused excessive temperatures. Provision was there- 
fore made in the final design for insulating the pipe at 
one end and grounding it at one place only. A similar 
precaution was taken against tying together at more 
than one point, pipes carrying currents of different 
phases. 


TYPICAL COTTON CORD BINDINGS 


METHOD OF BINDING_ 
CABLE ENDS 


Fra. 4—Conpucror AND Piez Enciosure, State Line STATION 


The next problem was to develop a small diameter 
conductor of large ampere carrying capacity with small 
skin effect. The General Electric Company kindly 
provided shop and laboratory facilities and the coop- 
eration of their engineers to build and test various 
types of transposed bar and stranded cable conductors. 
From these tests a satisfactory design was evolved. 
This consists of six 1,000,000-cir. mil stranded con- 
ductors laid around a hollow center core. Each strand 
is independently insulated. It was found by measure- 
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ment that the a-c. 60-cycle resistance of this conductor 
was approximately 125 per cent of the d-c. resistance. 
(In a sample of the same size with bare strands this 
ratio was 168 per cent). 

Fig. 4 shows a cross-section of the conductor and pipe 
in the completed assembly. Above this section is 
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shown the temperature distribution from conductor 
through the various media to the outside air with 2500 

‘amperes at 60 cycles flowing in the conductor. The 
temperature rise of the conductor is about 30 deg. cent. 
While the performance of this conductor was satis- 
factory, it is now being superseded by one less costly to 
manufacture. 

Other details that involved much study, search for 
materials, and testing, were the junction boxes, ex- 
pansion fittings for both pipes and _ conductors, 
conductor terminals, devices for centering the con- 
ductors in the tubes, oil diaphragms, and insulating 
joints to prevent the flow of circulating currents in the 
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metal enclosures. A description of the various schemes 
considered, designs worked out, and models made and 
tested would unduly extend the length of this paper. 

A typical circuit bay as built and installed at State 
Line Station is shown in plan and sectional elevation 
in Fig. 5. All live parts are covered with a solid insula- 
tion. The space between the insulation and the metal 
enclosure is then filled with mineral oil. This gives an 
insulation designed to withstand a test of 85 kv. for one 
minute between the live parts and their metal enclo- 
sures. Oil-tight barriers subdivide the oil reservoirs 
into nine compartments per bay. Oil is piped to these 
compartments from elevated conservators. 

Current transformers are bolted solidly to the con- 
ductors and are immersed in the oil which surrounds 
the conductors. 

Circuit breakers and potential transformers are 
detachable. They are raised and lowered by a portable 
motor operated elevator.. This arrangement permits the 
elimination of disconnecting switches and very greatly 
simplifies the interlocking. 

A plan of the complete switching structure of 23 bays 
with the transformers adjacent thereto is shown on Fig. 
6. A typical cross-sectional elevation is shown on Fig. 
7. Connections between switching structures and 
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power equipment are made with single-conductor, 
lead-covered cables through oil-tight cable end bells. 
The cables are supplied with oil by special independent 
expansion type oilreservoirs. Theend-bellsare provided 
with insulating joints to prevent the flow of circulating 
currents in the cable sheaths and to prevent the shunt- 
ing of fault currents to ground through the cable sheaths. 

Inasmuch as all live parts are surrounded by metal 
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enclosures which are in turn mounted on a metal 
supporting framework, it was only necessary to insu- 
late the supporting framework from ground to make it 
capable of utilization as a ground fault bus. This was 
done by inserting insulating blocks in the steel sup- 
porting columns and then grounding the upper struc- 
ture through current transformers. Any fault current 
must then pass through the current transformers to 
reach ground. ‘Their secondaries are connected to 
relays which when they trip cause all the circuit breakers 
in that section to trip out and thereby isolate the section. 

As no live parts are exposed, it is possible for an 
inexperienced person to climb all over the switching 
structure without danger of electrocution. 

The structure at State Line Station was first ener- 
gized at 22 kv. on November 20, 1928. It has been 
delivering energy in commercial service since April 
8, 1929. 

The State Line equipment was shipped piece by piece, 
and much of the erection was carried on through the 
winter months. This method of erection, especially 
under cold weather conditions, was found to be slower 
and more costly than had been expected. To improve 
these conditions, a subsequent study has been directed 
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toward modifying the design so that more of the parts 
could be assembled in the factory and fewer in the 
field. This study developed the more compact arrange- 
ment of parts shown in Fig. 8. Here, except for the 
normally detachable parts such as oil circuit breakers, 
potential transformers, and a few minor parts, all of the 
housings and all the current carrying parts of each 
circuit are assembled at the factory into three groups. 
In the field, these three group assemblies are elevated 
into position, one by one, by the oil circuit breaker 
elevator and are then bolted together. The new ar- 
rangement is but two-thirds as wide as the original 
arrangement. Twenty-five bays of this later design are 
now being built for the Powerton Power Station of the 
Super Power Company of Illinois located near Peoria, 
Illinois and it will be used on future extensions at 
State Line Station. 

The main objects of the metal clad design were to 
provide a structure that would 

1. Insure maximum safety to the operating and 
maintenance personnel. 

2. Provide a thoroughly reliable switching equip- 
ment by reducing to a minimum the chance of a phase- 
to-phase short circuit, and 
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3. Reduce costs (a) by eliminating the switch house 
building; (b) by providing a switching arrangement 
that would lead toward standardization and would be 
susceptible of mass production as a complete factory- 
built unit. This will naturally tend to cut factory 
costs and to eliminate a great deal of field construction 
which is often done under adverse conditions. 

It is felt that these objectives have been achieved. 

In the development of this new type of bus and 
switching structure, advice was sought from and was 
freely given by many engineers and manufacturers, 
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both in this country and abroad. Special acknowledg- 
ment is due the General Electric Company for the 
interest it has shown in this new design and for the 
careful attention it has given to the manufacture of the 
State Line equipment to insure the success of this new 
and somewhat radical departure from customary 
engineering practise. 
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Induced Voltage of Electrical Machines 


BY L. V. BEWLEY: 


Associate, A. I. E. E. 


Synopsis.—T he object of this paper is to describe and discuss a 
general equation for the induced voltage of electrical machines 
having parallel coil sides, and which includes as special cases single- 
and polyphase-induction motors, synchronous generators, d-c. gen- 
erators, synchronous converters, and static transformers. The 
application of the general equation to most of these cases is illus- 
trated, and a number of interesting problems which may be solved 
by means of it pointed out. A characteristic of this equation 
as that no restrictions are placed on the velocity of the moving con- 
ductors, or on the rates of pulsation and rotation of the flux; but 


INTRODUCTION 


4 a purpose of this paper is to derive and discuss 
a general equation for the induced voltage of 

electrical machines having uniformly distributed 
parallel coil sides moving through a distribution of 
flux which can be represented by a Fourier series. The 
equation is general in that the circuit considered may 
have any number of phases connected in series in any 
arbitrary manner, and any particular phase may con- 
sist of any number of uniformly distributed, fractional- 
pitch, skewed coil sides moving at variable speed 
through a distribution of flux which may pulsate and 
rotate at different rates. As special cases, this equa- 
tion includes the processes of induction found in the 
more familiar types of electric power apparatus, such 
as synchronous motors and generators, induction 
motors, d-c. motors and generators, synchronous con- 
verters, and static transformers. 


Incidentally, a study of the general equation derived 
in this paper permits making a critical review and 
classification of the available means for suppressing 
harmonics in the induced voltage by special arrange- 
ments of the windings. These special arrangements 
give rise to certain functions known as harmonic reduc- 
tion factors which enter the equation as ordinary 
coefficients. Corresponding to the particular arrange- 
ment of the winding to which they apply, they are 
called the skew, pitch, belt-distribution, and phase- 
connection harmonic reduction factors, respectively. 
These same factors have almost an exactly analogous 
effect in suppressing the harmonics of armature reac- 
tion, but their consideration in that respect is outside 
the scope of the present paper. 


II. GENERAL DISCUSSION 
If it is possible to express the distribution of flux in 
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these may vary in any arbitrary manner which can be given a 
suitable analytic expression. The several methods for the reduc- 
tion of harmonic voltages are classified and their limitations dis- 
cussed in such a way as to leave in mind a vivid picture of the 
process. Tables and curves have been prepared for comparing the 
effects of the skew, pitch, distribution, and phase connection har- 
monic reduction factors. A new method for summing the finite 
series of the distribution summations is given in Appendix II of 
the complete paper. 


* * * * * 


an electrical machine having parallel coil sides by the 
Fourier series 


= Sssink (r+) 
i 


then the most general equation for the induced line 
voltage, regarding x, 8;, and y, as functions of time, 
is shown in Appendix 1 (of ene complete paper) to be 
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(17) 
where the C pia cate are the harmonic reduction 


factors depending on the arrangement of the windings, 
defined in Table I. 


TABLE I 
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Skew factor.....| Csz = Kk d/2 In the coil side 
kpr 
Pitch factor..... Cpk = sin 5 Between coil 
a sides of the coil 
Distribution fac- sin kc 8/2 
tor of belt Cdk ¢. sin k 8/2 Between coils of 
the phase belt 
Connection fac- ape Savon 5 
> sin k 6,)* (= cos k 6,)* 
tOrs tk eae Gp = OS we eeeol Os * or) | Between phases 
n 


If the m phases of the connection factor are uniformly 
displaced by the angle ¢ then 
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which is then in the same form as Cz, and the same set 
of curves will serve for both. Moreover, 


sin k ¢ ¢/2 sink ¢/2 © 


bo e/2 if. ¢>=0:anid Ose = tees aU 


Car = k n ce 
Thus, under these limiting conditions, the three reduc- 


tion factors C,;,, Ca, and C,,, have the same form. 


yy 
; v3 
Viet 

K 
Ni = RS 

Ny 

aN 5 xe 
Skew Cg oe 
Pitch Cp3=0 Cor/ 
Dstribition Cy, =O ee 
Connection C. EO) Se! aS 

Ee 
Fig. 1—Snatr or Harmonic REepuction 


FSS Sh ims 


Fic. 2—Tue Skew CorFrrFricieNnT 


Associated with C7, and C., are the distortion angles 
y,,’ and y, defined in Appendix I, and, in general, these 
cannot be made to disappear by a convenient choice 
of reference axes. In other words, a lack of symmetry 
and uniformity in the windings, or in the way that they 
are connected in series, will cause a distortion of the 
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voltage wave by an angular shift in the relative posi- 
tions of the harmonics, as well as by the reduction in 
amplitudes characteristic of symmetrical arrangements 
of the windings. : 

While these reducing factors have different names, 
they are, in fact, due to the same essential cause—the 
arrangement of the circuit so that the harmonic volt- 
ages produced in different parts are in partial or com- 
plete opposition and thus tend to cancel out over the 
complete circuit. Fig. 1 illustrates how this is accom- 
plished in the case of a third harmonic. 

If the conductor is skewed or spiralled, so that half 
of it is cutting through a positive loop and the other 
half through a negative loop of the harmonic of space 
distribution, then the voltages induced in the two halves 
of the conductor are always in direct opposition and 
therefore completely cancel within the conductor it- 
self. The next simplest method of cancellation is to 
use a coil of fractional pitch so that both coil sides are 
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cutting through positive loops of flux, but the voltages 
generated thereby cancel in the coil. In this case, the 
coil may be either of short or long pitch. The distri- 
bution of the winding in more than one slot per phase 
gives rise to a reduction of the harmonic voltages be- 
tween the coils which make up the phase group. 
Finally, it is possible to eliminate those harmonics 
which are multiples of the number of machine phases 
by connecting phases in series. 

Representative curves of the skew, pitch, and distri- 
bution factors are shown in Figs. 2, 3,and 4, respectively, 
and the phase connection factor for a few simple cases 
is given in Table II. Only a number of harmonics 
sufficient to indicate the general nature of the func- 
tions has been plotted. ~It will be noticed that the maxi- 
mum value which any of these coefficients may have is 
unity, or more appropriately, their value lies within the 
range (- 1 <C < +1), because they have not been 
defined as geometrical averages. 

While 8;, yz, and x) in Equation (17) may be any 
arbitrary functions of time, yet the electromagnetic and 
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mechanical characteristics of electrical apparatus are 

such that for practical purposes, each of these items may 

be taken as composed of a series of terms of the type: 
Br = Bor +B €” + Bx sinwt +B, e"sin wt (22) 
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The direct substitution of (22), (23), and (24) in (17) 
yields a representative equation for the induced volt- 
age in electrical machinery, but for the purpose of 
this discussion it is not necessary to carry out the actual 
substitution. It is sufficient to notice the following 
facts: 

(a) When the flux distribution contains only rigid 
space harmonics, and when the coils are moving at a 
constant velocity; then only those time harmonics 
which are present in the space distribution of the flux, 
and which are not wiped out by the harmonic reduction 
factors can appear in the induced voltage. In this case, 
if any reduction factor for the kth harmonic be made 
equal to zero, then the kth harmonic will be canceled 
out of the induced voltage. But in general, if the slots 
are skewed or the coils made either short or long pitch, 
or if the total turns are distributed or phases are con- 
nected in series, every harmonic, including the funda- 
mental, will suffer a reduction in magnitude. In 
brief, any departure whatsoever from a straight-sided 
full-pitch concentrated winding will cause a reduction 
of all harmonics. In particular, if the fundamental is 
canceled by any reduction factor, so will every har- 
monic be canceled. 

(b) Depending upon the sign of the exponents, the 
presence of exponentials will cause either damped or 
cumulative oscillations to appear in the line voltage. 
The abrupt change of the excitation on a machine, 
either by rheostat adjustment or by an automatic 
voltage regulator, causes the flux to build up (or decay) 
exponentially. This change in 6, and its derivative is 
reflected in the equation for the induced voltage as 
exponential-trigonometric products; that is, as damped 
or cumulative oscillations. An exponential variation 
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or abrupt change of load occurring on a generator. If 
the torque of the prime mover driving a generator or 
the mechanical load on a motor changes, an adjustment 
in speed takes place. This speed transient will contain 
an exponential term due to the mechanical inertia of 
the rotating parts. In the case of power suddenly 
shut off from an open-circuited generator, the speed 
decrement is practically a pure exponential—but not 
rigorously so, because the friction is not constant through- 
out the speed range. These exponentials in speed cause 
the amplitudes of the harmonics in the induced voltage 
to change proportionally, and the wavelengths of these 
harmonics either contract or expand according to an 
exponential law. 

(c) Perhaps the most important class of time varia- 
tions in flux and speed are those of a purely oscillatory 
nature. Periodic fluctuations in flux are caused by 
sustained unbalanced short circuits and unbalanced 
loads on polyphase machines, the time harmonics of 
polyphase armature reaction variation in the air-gap 
reluctance due to the passage of teeth and slots, and the 
elliptical rotating fields of single-phase motors. 


Any possible product of sine and cosine terms may be 


Fig. 


5—GENERAL ARRANGEMENT 


expressed as the sum or difference of sines or of cosines; 
for example : 
2sinwt.sink wot = cos (k Wo — w)t— cos (kw) + w) t 
It is of importance to observe from relationships of this 
type that it is quite possible to produce a harmonic of 
any order K (integer or fractional) in the induced volt- 
age, even though the reduction factors have been ad- 
justed for its complete cancellation. These possibilities 
are given by 
wo K = (kw + w) 

For instance, suppose that the reduction factors will 
wipe out the 5th time harmonic due to a 5th space 
harmonic of flux distribution. But as a possibility 

5 = (k 4 w/w) 
from which it is evident that the 5th time harmonic 
may nevertheless appear in the line voltage if the air- 
gap flux contains a space fundamental, k = 1, pul- 
sating at w/w») = four times normal frequency, or a 3rd 
space harmonic pulsating at w/w) = twice normal 
frequency; or, in general, a kth harmonic pulsating at 
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w/W) = + (k— 5) times normal frequency. More 
generally, since the periodicity of the flux pulsation may 
be arbitrary, it is possible to produce frequencies in the 
induced voltage which are not multiples of each other. 

The only common sinusoidal fluctuations in speed 
that occur in practise are those due to sustained 
hunting of synchronous machines, and prime movers 
or drives with cyclic torques (reciprocating engines, 
compressors, etc.). 

From Equation (17) it is seen that such cyclic varia- 
tions in speed affect both the amplitudes and wave- 
lengths of the induced voltage. 

(d) Finally, there is the class of time variations in 
flux and speed represented by damped (or cumulative) 
oscillations. Each of these appear in the voltage as a 
pair of damped (or cumulative) oscillations of different 
frequencies. They are caused by hunting, pulsating 
speed regulation by the governors of prime movers, 
and unsymmetrical short circuits of polyphase machines. 

III. APPLICATIONS 

Under this section of the complete paper the appli- 
cation of Equation (17) to some of the more familiar 
types of electrical machines is illustrated. 

List OF SYMBOLS 
B= instantaneous flux density 
L = effective length of stacking 
nm = number of phases in series between lines 
N’ = number of turns per phase 
p = per cent pitch 
x = coordinate of any point in the direction of 


motion 
xo = coordinate of the midpoint of the first coil group 
a@ = mechanical angle of skew 


8, = Instantaneous amplitude of the kth harmonic of 
flux density 

YY, = instantaneous displacement angle of the kth 
harmonic of flux density 

6 = electrical angle between coil sides 

¢. = angle between adjacent phases 

6 = displacement angle of a phase 

\ = electrical angle of skew 

tT = pole pitch distance 

Y, = shift of the kth harmonic due to phases in series 

y,’ = shift of the kth time harmonic due to dissimilar 

belts 


FRENCH RAILROAD ELECTRIFICATION 


Reports from France state that by 1932 about one- 
fifth of the railroads will be electrified. This movement 
which was interrupted by the war and by subsequent 
financial conditions is to be resumed actively in 1930 
and 1981. 

It is planned to electrify all of the French railroads 
eventually except those near the German frontier. 
There are now 1400 km. being equipped for electric 
operation, including 915 km. for the Midi, 250 km. 
for the Paris-Orleans and 100 km. for the Paris-Lyons 
railway. The balance is for the state-owned roads. 
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Recent Developments in Toll Telephone Service 
BY W. H. HARRISON: 


Associate, A. I. E. E. 


Synopsis.—This paper deals principally with the physical and 
technical phases of the development in recent years of “‘toll’’ tele- 
phone service in this country, with particular emphasis on the 
longer haul or “‘long distance”’ traffic. The very rapid growth in toll 
telephone business has required a rapid extension of toll plant, includ- 
ing outside plant, buildings, and switchboard and other equipment. 
The most striking developments in the outside plant are very great 
growth in toll cable networks and the rapid extension of the carrier 
telephone systems. The factors involved in the relative use of these 
various types of plant are discussed. An outline is given of the 
advance planning and study necessary to insure that these annual 
- programs are properly engineered so that as closely as possible they 
will effectively anticipate future requirements and extensions in a 


HE term “‘toll’’ is applied broadly to telephone 
service between different localities, as contrasted 
with “local”? service which is, in general, within 

one municipality or center of population. From the 
early days of the telephone business the growth in toll 
service has always been rapid. This growth, however, 
has been particularly marked during the last few 
years. It is the purpose of this paper to outline briefly 
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some of the plant design and other engineering problems 
associated with the present rapid growth of this service. 


MAGNITUDE OF GROWTH 


The growth of toll telephone business is illustrated by 
Fig. 1, which shows the telephone toll messages per 
year in the Bell System for a number of years. This 
growth is perhaps more strikingly shown in Fig. 2, 
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most suitable and practicable manner. The more important limita- 
tions affecting the design of toll plant from the standpoints of the 
efficiency, quality, speed, and length of telephone transmission, and 
the specific treatments of each, are gencrally discussed in the paper. 
These include such matters as the use of loading coils, vacuum tube 
repeaters, equalizers for attenuation and phase distortion, and 
means for reducing the effects of echoes and time lag or delay in the 
circuits. Mention is also made of modifications of the open wire 
plant to effect material reductions in crosstalk, and to permit thereby a 
substantial increase in the use of carrier telephone facilities. 

The paper discusses the extension of toll service to include con- 
nection with the telephone networks in other countries, including 
Canada, Mexico, Europe, Cuba, and South America. 


which gives in terms of cost the gross additions to toll 
plant per year for the last few years and the estimated 
expenditures for 1929. 

A remarkable feature of the increase in the toll busi- 
ness is the fact that the largest increases are being felt 
in the very long distance business, particularly on the 
transcontinental routes and the routes between the 
largest cities in the various parts of the country. A 
typical example of this growth is illustrated on Fig. 5, 
which shows the growth in messages for the combined 
toll business over the transcontinental routes between 
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TO TOLL PLANT. 
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MILLIONS OF DOLLARS. 


Chicago and New York and Los Angeles and San 
Francisco over the same period. It will be noted that 
while the toll business in the system as a whole has 
increased 34 per cent over the last three years, the 
combined transcontinental business has increased 
226 per cent. These increases in toll messages have 
required considerable enlargement of the size of the 
circuit groups between distant points and have con- 
tributed largely to the major construction problems in 
the design and layout of the plant. 

The influence of the good level of general business in 
all parts of the country; the increasing public appreci- 
ation of the extent to which telephone toll service is of 
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value in both business and social life; and the limita- 
tion of increases in telephone rates to a much lower per- 
centage than the general level of prices have all been 
factors in the recent rapid toll growth. 

Considerable added stimulation to the growth of the 
toll business has undoubtedly resulted through im- 
provements in the quality of the service given. Pos- 
sibly the most important improvement in this respect 
is the increase in the speed of the service; that is, the 
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decrease in the time which elapses between the placing 
of a call and its completion. This is shown in Fig. 6. 
The improvement is greater for the long distance calls 
than for the toll service as a whole, the average speed 
for the toll board traffic being about 21% min. in 1928 
as compared with almost 7 min. in 1925. 

The increase in the speed of handling toll service has 
been largely brought about by the introduction of im- 
proved operating practises and facilities which have 


~— 7 
7 

6 

a) 

Ww 

ll 

a) 

z 

= 

! 

ae fe) 

irs) 

lJ 

OS 

cy 

WJ 

[ g 

2 loam 

[ray 

> 

< 
{ 
ie) 
te} _ N oO t 9) o ~ o 
at N N N N iat} Nu N N 
® cor) o>) an a o a oa o 

Fic. 6—AVERAGE SPEED OF TOLL SERVICE 


permitted the use of simplified methods of operation 
similar to those employed for local business. The re- 
sult of the materially faster service has been that.over 
95 per cent of the total toll messages are completed or 
reported upon while the subscriber remains at the tele- 
phone, without requiring him to hang up and be called 
again. 
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Another important improvement in the quality of 
service has been brought about both through large 
increases in the volume of sound delivered at the end of 
the toll circuits and by improvements in the design of 
circuits, resulting in the greater distinctness and nat- 
uralness of the messages. This has included the use of 
methods providing for the efficient transmission of a 
much larger proportion of the component frequencies 
which make up speech. These improvements have 
largely reduced the percentage of messages in which 
the clearness of transmission is judged to be unsatis- 
factory, this being at the present time about 1 per cent 
for the total toll traffic. 

Other improvements in service have led to greater 
freedom from the possibility of interruption of the 
service and to its improvement in other respects. 


ADDITIONS TO PLANT 


The rapid growth in the toll business has required a 
great expansion of the toll plant and has been accom- 
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panied by material changes in the character of the 
plant and in the nature of the engineering problems. 
This expansion has been particularly marked in the 
case of the toll cable plant, additions to which have been 
experienced in practically all parts of the country. An 
interesting illustration of this expansion is given in 
Fig. 7, which shows the relative proportions of the 
three important types of toll plant at the end of 1928 
and the estimated trend for this year and the immediate 
years following. 


TOLL CABLES 


The extension of the toll cable program over the next 
five-year period contemplates cable on a large propor- 
tion of all of the major toll routes of the country. The 
magnitude of the proposed cable networks is shown in 
Fig. 8, which illustrates the main toll cable routes of the 
United States and Canada. It will be seen that in 
accordance with these proposed five-year plans, toll 
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cable will extend entirely across the continent and up 
and down the length of both the Atlantic and Pacific 
Coasts, as well as practically from Canada to Mexico 
in the central part of the country. 

The toll cable which will be installed in the Bell 
System this year will amount to nearly 5000 mi. This 
amount will be increased to between 6000 and 7000 mi. 
for next year, and it is expected that the yearly addi- 
tions will continue at that rate or even higher for the 
next few years thereafter. 


TYPES OF CABLE CONSTRUCTION 


Both aerial and underground methods of toll cable 
construction are widely used, the construction at the 
present time being about equally divided between these 
two general types. The greater part of the present 
longer haul toll cables are of the aerial type. In the 
aerial construction, the cable is suspended from a steel 
messenger strand supported on poles. 

The underground type of construction up to the 
present has consisted for the most part of cable drawn 
into multiple duct, usually of vitrified tile, although in 
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certain sections of the country some use has been made 
of creosoted wood duct. Naturally, the underground 
construction has been employed in cities and metro- 
politan areas and in heavy and rapidly growing cable 
routes where the provision of facilities for placing a 
number of cables within a reasonable period of time is 
important. 

During the past year trial installations have been 
made of two new types of underground construction 
designed to meet conditions where one or two cables 
will handle the requirements for a considerable number 
of years. One of these consists of a lead sheath cable 
pulled into a single fiber duct. In the other, a specially 
protected cable is buried directly in the ground without 
the use of ducts. The protection known as tape 
armor is applied over a lead covered cable of conven- 
tional design, the armoring consisting of coverings of 
impregnated paper, jute, and steel tapes which safe- 
guards the lead sheath from soil corrosion and mechanical 
damage. This type of buried construction appears to 
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have advantages for some conditions where the rate of 
growth is not rapid. One interesting characteristic 
is reduced susceptiveness to inductive influences due to 
the shielding effect of the armor. 


The large annual additions to the toll cable plant 
necessitate the utmost care and precaution in planning 
and carrying out the construction and maintenance of 
this plant. The selection of the route for a toll cable is 
a matter of great importance, involving consideration 
not only of first cost and annual charges but freedom 
from inductive disturbances, permanency of routes, 
accessibility, and good coordination with existing 
telephone plant. 


AERIAL WIRE AND CARRIER 


In spite of the magnitude of the toll cable program, 
it is expected that in order to meet the demand for addi- 
tional toll circuit facilities, it will be necessary this year 
to string about 180,000 conductor mi. of open-wire 
facilities and to install about 200,000 channel mi. of 
carrier telephone facilities. The majority of this wire 
stringing will take place of course on existing’ open- 
wire lines not closely paralleled by toll cables. The 
open-wire and carrier circuits now being designed are 
high grade facilities and their service characteristics 
and economies are such that a considerable portion of 
the open-wire and carrier facilities will be retained after 
they are paralleled by new toll cables. 

Major problems presented by the open-wire and 
carrier construction have been those of crosstalk in the 
carrier circuits and noise in the very long voice-fre- 
quency circuits. It has, been necessary therefore to 
give careful consideration to transposition methods 
and wire arrangements which would provide satisfac- 
tory crosstalk reductions and at the same time allow a 
maximum use of carrier facilities so that the large 
economies involved in superposing carrier telephone 
facilities on the open-wire plant may be obtained. 

This has resulted in trying out in the plant an en- 
tirely new form of open-wire construction. The new 
method involves abandoning the phantoms on the open- 
wire pairs on which the carrier facilities are to be super- 
posed, reducing the spacing between the wires of these 
pairs to 8 in. and widening the spacing between the 
wires of adjacent pairs to 16 in. The pairs to be used 
with carrier facilities are transposed in accordance with 
transposition systems which are especially designed to 
reduce adequately the coupling between the pairs at 
the higher carrier frequencies. The experience obtained 
to date with this type of open-wire construction, while 
not conclusive, has indicated very favorable cross-talk 
results. The reduction in the spacing of the open-wire 
pairs has also resulted in material improvements in the 
noise on the voice-frequency circuits. Under this 
arrangement, four three-channel carrier telephone 
systems can be employed per crossarm. The pole pair 
groups are not normally used for carrier telephone pur- 
poses and may therefore remain on a phantomed basis. 
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Other considerations in the use of long haul carrier 
telephone systems have been those which have led to 
the development of improved glass insulators which 
materially reduce the attenuation at carrier frequencies 
and substantially limit the variations in attenuation 
between wet and dry weather conditions; and pilot 
channels by which the levels at all points in the carrier 
systems are maintained within established limits. 
As changes in line equivalents affect both the pilot 
frequencies and the speech channels in a related 
manner and are indicated on calibrated meters, com- 
pensating gain adjustments may be made. 


ELECTRICAL DESIGN FEATURES 


The development of very long toll telephone circuits 
has involved working out a succession of very interesting 
design features in order to obtain suitable electrical 
characteristics for the clear transmission of speech over 
these long circuits. These problems, in general, have 
been particularly great for very long toll cable circuits. 
A brief review of the general nature of some of these 
problems and the method of solution adopted for toll 
cable circuits will be sufficient here. 

In the early extensions of toll cables, the use of 
‘Joading,”’ by means of which the attenuation was made 
much more nearly constant over the band of frequencies 
most important for the transmission of speech en- 
abled satisfactory transmission over relatively short 
circuit lengths. Subsequently, the range of cable 
transmission has been increased to practically an un- 
limited extent by the perfection of telephone repeaters 
employing vacuum tubes. 

Another important problem in the longer circuits 
has been the prevention of changes in efficiency with 
variations in the temperature of the circuit. The 
importance of this is illustrated by the fact that the 
energy loss in a Chicago-New York toll cable circuit 
may be as much as 10° times as great when the circuit is 
hot as when it is cold. The daily, and even the hourly, 
variations are sufficient to cause large variations in 
efficiency if not compensated. This compensation is 
done by the automatic change in the gain of amplifiers 
which is controlled by the resistance of pilot wires 
running through the cables and subjected to the same 
variations in temperature as the circuits used for 
message purposes. 

Another phenomenon which becomes of importance 
with increased length of circuit is the variation in the 
velocity of propagation over the circuit of different 
components of speech. The components of moderate 
frequency (about 1000 cycles) tend to arrive at the dis- 
tant end first, those of higher and lower frequencies 
trailing in later. This produces an additional type of 
distortion. Some of this distortion can be minimized 
by improvements in the design of the apparatus. The 
use of corrective networks which insert in the circuit a 
distortion in velocity of transmission compensating 
that caused by the cable circuit characteristics is also 
being studied to take care of this situation. 
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Looking to the future, it appears that the limit of 
transmission over telephone cable circuits may be 
influenced by the operation of another and still more 
fundamental factor; namely, the time required for the 
transmission of electric currents over these very long 
circuits. With the development of toll cable networks 
covering this country and Europe, and with the comple- 
tion of telephone cables across the Atlantic, total 
distances of transmission over toll cable circuits as 
great as 10,000 mi. will probably be involved in the 
future. The types of cable circuit now used for very 
long distances have a velocity of propagation of about 
20,000 mi. a sec. The time lag in a 10,000-mi. cable 
circuit would be about half a second for transmission in 
each direction. A delay of this magnitude would inter- 
fere with the ordinary methods of conversation in- 
volving frequent acknowledgment, interruption and 
interchange of question and answer. Looking forward 
to improving such conditions, research work is now 
under way to determine the best means of providing 
cable circuits of still higher velocities. 


INTERNATIONAL CONNECTIONS 


The toll system of the United States now has con- 
nection with telephones in 21 other countries. By this 
means the users of this service are offered connection 
with 65 per cent of all of the telephones in other coun- 
tries of the world or 85 per cent of all the telephones in 
the world including those in this country. 

Perhaps the most interesting of all the individual 
connections which include circuits to Canada, Mexico, 
Cuba, and Europe, is that between New York and 
London. In 1927 the first commercial service was 
opened between the United States and Europe by a 
circuit from New York to London. This has since been 
supplemented by three additional circuits and other 
additional circuits now planned will raise this group to 
six by the end of 1932. The first circuit includes for 
the transatlantic link a long wave radio system trans- 
mitting from points near New York and London to 
receiving stations in the eastern central part of Scotland 
and northern part of Maine, respectively. The other 
three circuits are short wave radio circuits, both 
transmitting and receiving stations being near the 
New York and London terminals. 

These circuits, both the long wave and short wave, 
are of pioneer character. The effort has been to obtain 
as good a degree of continuity of service as transmis- 
sion conditions will permit and consistent with require- 
ments for satisfactory commercial services. In working 
to secure this result one is, of course, faced with the 
very large variations in efficiency of transmission under 
various conditions and also in the magnitude of the 
interfering atmospherics which tend to interfere with 
good reception. 

The short wave channels are, in general, less affected 
than the long wave by high atmospheric disturbances, 
but are much more affected at times of magnetic storms 
when large variations in the field strength of the signal 
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at the receiving antenna often occur. Fortunately 
these two types of disturbances seldom appear at the 
same time and the two types of radio channel admir- 
ably supplement each other in the maintenance of un- 
interrupted service. 

Work is now proceeding in the design of a transatlan- 
tic telephone cable which will provide a third type of 
circuit between New York and London. For this 
cable, transmission will probably be overland from 
~ New York to Nova Scotia; thence by submarine cable 
to Newfoundland; by a second cable 1800 mi. in length 
from Newfoundland to the Irish coast, and from there 
to London. This cable presents so great a departure 
from previous telephone circuits that extensive research 
and development are necessary to determine the most 
favorable methods of construction. 

An additional international connection which is now 
being constructed is of interest: namely, a short wave 
radio telephone channel between New York and Buenos 
Aires, connecting with Montevideo. 


PLANNING FOR THE FUTURE 


From the general engineering standpoint, the plans 
for the continued expenditure over a period of years of 
large amounts for permanent extension of toll plant, 
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call for very careful attention to the fundamental 
planning and layout of that plant. This is particularly 
true in view of the large extension of toll cables and of 
underground toll cable conduit routes in which best 
engineering requires that initial construction be de- 
signed with a view to the future increase in circuit 
requirements for a relatively large number of years. 
This, then, is one of the important features of the 
engineering work of the Bell operating companies at the 
present time. 


While fundamental plans for future development of 
toll plant must adequately provide for the plant ex- 
tension in a given area, they must be closely coordi- 
nated with each other and with the plans for the country 
as a whole, particularly because of the importance of the 
large groups of long through toll circuits. 


CONCLUSION 


. In conclusion, I might add that those of us who are 

closely interested in the advancement and improve- 
ment of the toll phase of the telephone business look 
forward to a continued rapid development of that part 
of the communication art with an increasingly complex 
and varied engineering technique. 
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ESTEEM it no small honor to be invited to give this 

memorial lecture; and it is a great personal pleasure 

for metodo what little I can to keep green the memory 
of the great scientist, humanist, and engineer in whose 
honor these lectures have been founded. It was my 
great privilege to be quite well acquainted with 
Doctor Steinmetz and, as you know, to be acquainted 
with him at all was to admire him unreservedly. 

It is quite remarkable how this little, frail, and mis- 
shapen man impressed his genius upon the field of 
science during his life time, and has made all men who 
shall work in the field of electrical engineering for all 
time his debtor. It is even more remarkable how he 
drew to himself a host of friends from all walks of life. 
When Steinmetz spoke, the whole world listened. 
He was indeed a man of genius whose like will not be 
seen again in many years, and you, here where he 
labored so long and was so much beloved, indeed do well 
to honor his memory. 

I am in no sense a scientist such as he, and I cannot 
make any such contributions to the field in which he was 
so well known as those who have preceded me have 
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done. Fortunately, however, Doctor Steinmetz did 
much in the field of thought in which I am most in- 
terested. Not only was he interested in the design and 
production of industrial machinery but he recognized as 
few men do that such machinery is of importance only 
as it affects humanity; and he was constantly specu- 
lating as to the ultimate result of our machine civiliza- 
tion. You will all remember his prophecy that even- 
tually the world’s work would be performed in four 
hours daily,—a prophecy that is in a fair way of being 
realized. In honoring his memory, therefore, I cannot 
do better than to call your attention to some of the 
newer developments in the application of the laws of 
economics to industrial production. 

The last half of the 19th century witnessed a most 
remarkable development in the tools of production. 
The last quarter of a century has been marked by the 
creation of vast industrial enterprises employing 
thousands of men and impressive machine equipment, 
and presenting three new industrial problems; namely, 
mass production, mass financing, and mass manage- 
ment. It is of certain phases of this latter field that I 
shall speak. | 

During this last quarter century, a voluminous litera- 
ture has appeared presenting many theories of man- 
agement and administration, and many of these new 
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ideas have found a permanent place in our industrial 
economy. Without doubt we are much better informed 
concerning many phases of industrial organization than 
we were a few years ago and there is some ground for the 
assertion that there is a science of management and 
that we are making some progress toward an under- 
standing of its basic laws. On the other hand, there is 
no doubt but that many of these new experiments are 
empirical, and less doubt that the true economic basis 
of many of the mechanisms of management, concerning 
which so much has been written, are but dimly under- 
stood. As tangible proof of this statement, one has 
only to consider the large number of industrial con- 
cerns that pay no dividends. More significant still, 
Bradstreet reports that of the 20,267 failures in the 
United States last year, over four-fifths of such failures 
were due to incompetence of some form upon the part of 
those failing. There is great need therefore for a 
better understanding of the economic basis of industry, 
and a strong movement in that direction is now under 
way. The next decade will no doubt see the develop- 
ment of the economics of industry as against the mech- 
anisms of production. Consider the following economic 
principles that are well established though not always 
well understood: 

1. The unit cost can in general be decreased as the 
quantity to be produced increases. 

2. Production in general depends upon more than 
one factor and usually it is possible to utilize the full 
capacity of any one factor only be permitting other 
factors to operate at lower capacity or efficiency. 

3. Every economic gain is apparently accompanied 
by a corresponding loss which tends‘constantly to neu- 
tralize the effect of the economic gain; hence it be- 
comes increasingly difficult and costly to utilize the full 
capacity of any productive factor. 

The first of these statements is the basis of quantity 
or mass production and needs little explanation except 
to point out that it has limitations, these limitations 
appearing usually as the result of the third principle 
or law of diminishing returns, as it is usually called. 

The second principle is not so well known or appre- 
ciated. It can be visualized best by actual examples. 
Thus, a large boring mill considered as a major produc- 
tive factor must be served by a number of minor factors, 
such as light, heat, power, crane service, etc., none of 
which, in general, operate at high efficiency even when 
the mill may be operating at capacity. Or again, if 
a large number of machines is to be kept in perfect 
repair, the repair gang must be so large as to work 
inefficiently at times. Or, conversely, if the repair 
gang is so small as to work at high efficiency, there is 
a likelihood that some of the machines will at times 
be idle. 

The third principle is so well established as to need no 
discussion, but a simple example may make it clearer. 
Consider, for instance, an office building with elevator 
service. For a given number of floors and a given 
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quality of service, a certain proportion of the floor 
space must be given up to the elevator shaft. If addi- 
tional floors are added, the amount of space allotted to 
the shaft must be enlarged for the given service and the 
space available for rental proportionately decreased. 
Obviously, if the building could be made high enough, 
the entire floor space, if the service is maintained, would 
have to be devoted to shafts. As more floors are 
added, the elevators could of course be speeded up, 
and the amount of shaft space could thus be somewhat 
reduced. But here again there are limitations to the 
speed at which elevators may be operated, and even- 
tually the law of diminishing productivity asserts 
itself, and as successive floors are added, reduces the 
income per square foot of floor space. 

The first principle is usually known as the law of 
increasing productivity, while the last is usually re- 
ferred to as the law of diminishing productivity, or the 
law of diminishing returns. This is a somewhat un- 
fortunate nomenclature as it gives the impression that 
these laws are opposing influences whereas such is not 
the case. 

Diminishing returns refer to the relations between 
the productive factors, as bushels per laborer or pounds 
of fertilizer; or to rental per square foot or floor area. 
Increasing returns or increasing productivity refer to 
the reduction of cost due to the influence of all factors 
concerned, and in the case where several factors are in 
effect, the law of diminishing returns may be operative, 
while at the same time the unit cost may be decreasing. 
As Professor J. M. Clark truly states, “Decreasing 
yield per acre does not condemn intensive farming if it 
brings increased yield per acre, for, where land is ex- 
pensive, the net result may be an economy. In quite 
the same way, overtime work in a factory may bring 
decreased yield per hour of direct labor or per dollar 
spent on direct labor but the total cost per unit may be 
reduced.” 

An actual example may make these relations clearer: 
Assume that a certain factory is equipped with 50 ma- 
chines, each operated by a skilled worker who receives 
$5 a day, and that under ordinary normal conditions 
each man is producing one unit of product daily. 
Assume that the fixed overhead or burden is $150 daily 
and that the variable overhead is equal to one dollar 
per day per man employed. Assume further that the 
material cost per unit is $3 and that the sales price is 
$12 per unit. Then if all expenses are charged into the 
costs, the cost of the daily output will be made up of the 
sum of the fixed and variable daily expense, the daily 
wages and the cost of the material going into the daily 
output. For 50 operators and an output of 50 units, the 
daily cost of production will be 

($150 + $50) + (50 X $5) + (50 X $3) = $600 

Since the sales price is $12 per unit and the output is 
50 units, the daily income is 50 x $12 = $600, and the 
factory under these circumstances would be making no 
money. 
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Suppose, now, that the management decides to install 
a planning and transportation department, thus re- 
lieving the operators of certain auxiliary duties and 
leaving them free to drive the machines to a higher 
capacity; that is, the labor factor is to be increased 
and a greater division of labor introduced in order to 
force the major factors,—namely, the machines,—to 
higher production. Then the increase in production 
will follow a curve somewhat like A in Fig. 1, rising 
slowly as the first few men are added; then somewhat 
more rapidly, and then at a decreasing rate as more men 
are added. Suppose finally that when the tenth addi- 
tional man is added, the maximum capacity attainable 
is reached and no number of additional men can force 
an additional unit from the plant during the working day. 

The gain in the number of units produced as each 
man is added is measured by the vertical increments, 
such as m in Fig. 1, and these are plotted at the bottom 
of the figure, thus forming curve B. If the ordinates of 
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curve B are multiplied by $12, the sales price, curve C 
is obtained, showing the increase in income for each 
additional man above 50. The cost incurred in adding 
an additional man is found by subtracting the total 
cost for any given number employed from the cost of 
operating with one more. Thus in the foregoing it has 
been shown that the cost of operating with 50 men is 
$600; the output with 51 men as shown by curve A is 
53 units; hence, the cost of operating with 51 men is 
($150 + $51) + (51 x $5) + (63 x $8) = $615 
That is, the cost of adding the fifty-first man, or the dif- 
ferential cost as it is usually called, is $15. Curve D is the 
curve of differential costs. It intersects the curve C in 
the point P. At this point, the cost of adding a man just 
equals the gain in income due to that addition, and 
beyond that point, the gain is less than the cost necessary 
to secure it. Curve E' shows the unit costs for succes- 
sive numbers of men employed. Its ordinates are 
found by dividing the cost of operation by the number 
of units produced; thus, when 51 men are employed, 
the total cost is $615 and the output is 53 units. Hence 
I= 


53 


the unit cost is = $11.6. The lowest unit cost 
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occurs when 57 men are employed, and, naturally, its 
values rise after the point P is passed. It should be 
noted that this curve rises rapidly as the number of men 
is decreased below 50. Finally, curve F' shows the net 
income or difference between the cost of production for 
any given number of men and the corresponding income 
from sales. The ordinates of the curve represent ten 
times the value of the scale shown. As might be 
expected, this curve reaches its maximum at or near 
the point where 57 men are employed. 

It should be noted that the increase in production due 
to adding the fifty-second man is greater than that 
due to adding the fifty-first; that is, the factory is 
operating under increasing returns. But from that 
point on, the increase in output is progressively less as 
each man is added; or the factory is operating under 
decreasing or diminishing returns. Nevertheless, the 
total output is rising, the unit cost is falling, and the 
net income is increasing up to the fifty-seventh man; 
and up to full capacity of 70 units per day, if for reasons 
of policy that should be desirable, there is no great loss 
in income in operating. But the maximum income is 
obtained before the point P is reached. It is obvious 
that these relations are highly important. There is 
no doubt but that the most advantageous point of 
production is often exceeded, and many so-called 
“efficiency systems” have failed dismally for lack of a 
clear understanding of the interrelation of these basic 
principles. 

If curve A of Fig. 1 could be expressed in mathematical 
form, the curves B and C could be deduced mathemati- 
cally; and since the curve EF can usually be expressed 
in mathematical form, the point P can be determined 
mathematically. Space does not permit of farther dis- 
cussion of this procedure and at the present time it is 
of little importance as our knowledge of the general 
character of curve A is very incomplete. 

This discussion is presented not so much for its prac- 
tical application as to point out the trend of thought in 
manufacturing. Therecanbe little doubt but that these 
methods will be of increasing importance as industry 
becomes more scientific in its background; and it is 
moving rapidly in that direction. 

Furthermore, it accents the growing realization that 
the old empirical methods are passing away; and with 
them must necessarily pass the old empirical foreman 
and superintendent, wherever these advanced methods 
are applicable. Industrial management of the future 
must be more than intelligent. It must be educated; 
and all progressive enterprises not only realize this, but 
are making an effort, through foreman training courses 
or similar educational devices, to raise the educational 
level of their supervising staffs. They that do so will 
find the cost of such efforts money well expended, not 
only because of better control of production, but also 
because enlightened management makes for better and 
happier conditions in industry. 
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of construction has extended rapidly during the 

past few years, but not in the field where dynamic 
stresses were imposed because of the lack of information 
on the fatigue resistance characteristics of such welded 
structures. Even as far back as 1911, Stanton! and 
Abell? after making a series of Wohler tests of welded 
material, advised against welds for variable stress ap- 
plications. However, recent investigations such as 
those described in this paper, justify a more general 
increase in the use of welding under these conditions. 
An active comparison of endurance limits as deter- 

_ mined for varying sizes of welds is the object of a pres- 
ent research, and we need not be surprised to find the 
larger size welds showing lower endurance limits. Such 
an effect can be explained by the injurious influence of 
residual stresses in the larger welds, which do not occur 
in the smaller welds, where they can be relieved by the 
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heat of subsequent welding. Such results would indi- 
cate opposite tendencies to those published for tensile 
strengths, yield points, etc. 

From the widely differing values of endurance limit, 
it is entirely feasible to count on the value of 
+ 15,000 lb/in.2 This, it will be realized, must be com- 
pared with endurance limits of + 25,000 Ib. per sq. in. 
for mild carbon steel to as high as + 60,000 lb. per sq. 
in. for some alloy steels. 


Most structures are rarely subjected to purely var- 
iable stress—alternating between equal values of ten- 
sion and compression—but rather combinations of 
steady and variable components as illustrated in Fig. 1. 
The failure of metals under such conditions is still a 
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matter of investigation, and is only now becoming 
clarified from the point of view of design utility. 

One of the most common stress conditions, and prob- 
ably the most elementary for a material study, is that of 
simple tension or compression superimposed by a 
variable stress of smaller magnitude. Experiments, 
investigating failure under various ratios of steady to 
variable stress, have been carried out for many years, 
with certain characteristic relationships becoming 
evident. If we plot steady stress as abscissas versus 
variable stress as ordinates, the experimental curve of 
failure follows somewhat that shown by the dotted 
line in Fig. 2. This has been approximated to by Ger- 
ber as a parabola, and by Goodman as a straight line 
connecting endurance limit and ultimate stress, but it 
is more conservative and easier of application to use the 
straight line approximation shown connecting endur- 
ance limit and yield point. 

The relation between allowable variable stress, S,, 
and corresponding steady stress, S;, as defined by the 
straight line is, where 

S. = Endurance limit 


S, = Yield point 
Sy Ss 
ee 


Now in the actual applications of are welded struc- 
tures, we do not permit ourselves to operate close to 
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failure stresses; therefore the idea of factor of safety 
must be introduced. 

Due to the very many exigencies that may occur in 
welding, such as poor fusion, impurities, porosity, etc., - 
we, in our design practise, have set a factor of safety of 
3 to be used both on the yield point in steady stress 
applications and on the endurance limit for fatigue. 
This confines our stresses to the shaded area shown in 
Fig. 2 and our stress relation now is expressed by 
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For welds, this relation takes on the quantitative aspect 
of 


S, s. 1 
15,000 * 30,000 ~ 3 


The endurance limit and yield point values being taken 
here are average figures. 

To illustrate its use: Suppose we have a pure vari- 
able stress, then S, = 0, and the allowable S, is given by 


15,000 


Sy, = 3 


= 5000 lb. per sq. in. 
On the other hand, suppose we consider a static appli- 
cation, where S, = 0, then the allowable stress, S, is 


30,000 
3 


These are the values adhered to in all designs where 

welds have to withstand live stress. An intermediate 

case may be: If S, = 5000 lb. per sq. in., what is the 

ate variable stress that may be superimposed? 
us 


S, = = 10,000 lb. per sq. in. 


Allowable S, = (— 2000 


: oo “30,000 ) 15,000 = 2500 lb. 
per sq. in. 

At this point, we must inject an idea extraneous to 
fatigue considerations for pure metals, but one which 
occurs when heat treated alloy steels are welded to- 
gether or to ordinary steels. Tests that have recently 
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been made consisted of welding a ring of metal around a 
heat treated ni-chrome steel (0.56 per cent Cr, 1.17 per 
cent Ni.) test bar, and then after machining off the bead, 
subjecting the bar to an alternating stress. The en- 
durance limit dropped from 66,000 lb. /in.? (for the alloy 
steel) to 16,200 lb. /in.2 Like reductions were noted in 
ductility and impact resistance. This important result 
emphasizes the point that the fatigue strength of welded 
joints cannot be increased by using high grade parent 
metal—the effect of welding is to reduce the endurance 
limit to only average values for mild carbon steel. This 
fact is important, particularly, where joints are designed 
to fail in the parent metal and not in the weld. ‘This 
result, however, is not to be interpreted to apply in the 
case of static stress, where tensile properties do not 
appreciably change. 

As soon as we begin to extend our ideas to welded 
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joints, much of our knowledge becomes inapplicable. 
To interpret our information on weld and parent metal 
for use in welded joints is to assume that the stress dis- 
tribution is known. This unfortunately is the stumbling 
block in most cases. 

To examine the simplest of joints, let us compare the 
two types of joints shown in Fig. 3, the first, a joint of 
front welds and the second, a joint of longitudinal or 
side welds, as to their suitability to withstand dynamic 
stress. 

From tests that have been made in the past, notably 
by Dustin, the strength of joint (a) is best predicted 


4— Arc WeLpDED A-c. GENERATOR 
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by considering the section A B to be subjected to pure 
tension and we must associate the stress given by 


2 eda ; 
f= er id with failure. 

Failure usually takes place at this critical section. For 
type (b) welds, the breaking stress can be written as 
f = (a~V/2P)/(tl) where a has the value of approxi- 
mately 2/3. This factor has this low value due to the 
stress concentration at the ends of the weld, causing 
the break to progress from A' and B! inward. Despite 
the lower allowable stress for joint (b) (where stress 
must always be compared with shear stress failure, 
while in (a) the much higher value of tension failure 
can be approached), it must be noted that the energy of 
rupture of joint (b), is much larger than that for (a), and 
Dustin even goes so far as to favor (b) over (a) for 
dynamic loading. A conclusion like this, however, is 
clearly a case of balance of ductility of break against 
allowable stress. 

The design of machines to be constructed of struc- 
tural shapes welded together involves a great many 
factors in addition to the direct stresses in the welds. 
Fig. 4 shows the type of construction widely used for 
a-c. generators and motors, the rotors of which are 
direct connected to geared machines or combustion 
engines. These machines are subjected to large torque 
variations of both high and low frequencies and a con- 
siderable amount of experimenting has been carried 
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out to determine the best arrangement of the structural 
members and welded connections. 

It was quite easy to make the welds themselves 
efficient in these structures, but the stress concentra- 
tion in the structual members was a serious problem. 
It will be noted that the H-beams of the rotor are placed 
so that the smallest moment of inertia is utilized for 
torque loads. This arrangement calls for larger beams 
but gives the most economical design to keep stress 
concentration at a minimum. 

Fig. 5 shows several methods of fixing the H-beams 
into the hub of the rotor which were tested in a vibrating 
machine. This machine subjected the specimens to 
a very violent oscillating vertical motion correspond- 
ing to torque oscillations in the actual rotor. Speci- 
men (c). proved to be the best, but specimen (6) 
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has proved satisfactory for normal applications. Fur- 
ther tests are being conducted on a machine which will 
give actual as well as relative values of the stresses 
encountered and will also permit the superimposing of 
initial stresses in the structure which are independent 
of the varying stresses. . 

The initial stresses which are encountered in welded 
structures proved to be very harmful when the struc- 
ture is subjected to varying stresses as discussed earlier 
in the paper. These initial strains are caused by the 
actual shrinkage of the weld metal itself and by the 
unequal heating of the various parts of the structure 
while being welded. Bending and twisting strains are 
set up while cooling to room temperature. Many com- 
plete rotors were built to determine if it was possible 
to obtain a structure free from initial strains. The 
method used in determining the residual strains was to 
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drill small gage holes in the pieces before being as- 
sembled and recording the variations in the distances 
between them after being welded. After the rotor was 


com, L°MONE Mone 
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completed, additional strain gages were clamped to the 
structure at various places and the individual members 
cut loose from the structure by hack saws. 


Various 


Fic. 8—1000-Kw. Arc Wexprp D-c. Rotor 
welding sequences, peening of welds, artificial cooling 
of members, and jigs were used, but it was found to be 
commercially impracticable to obtain a complete rotor 
free from high residual strains. 

Annealing was then adopted in order to remove the 


Kia. 10—25000-Kv-a. Lowrr WaAtTERWHEEL BRACKET 
strains and tests were made at various temperatures by 
our Research Dept. It was found that practically all 
residual strain was removed at 1000 deg. fahr. and this 
temperature was adopted for all welded apparatus 
where a strain free condition is necessary. Several 
complete rotors were annealed at 1000 deg. fahr. and 
the residual stresses found to be under 1500 lb. per 
sq sin: 
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Annealing at higher temperatures was found to be 
undesirable because of the greater liability of warping 
and cracking the welds. All of the physical properties 
of the weld itself are decreased by high temperatures 
and because of this it is not considered practicable to 
obtain refinement of the grain structure of the parent 
metal adjacent to the weld at the expense of the weld 
itself. These results concur with previous conclusions 
of other investigators. 

It is of interest to note the design consideration 
necessary in the use of butt welds for the rims of the 
above mentioned rotors. These rims are made of bar 
stock rolled up and butt welded. It was at first thought 
desirable to locate the welds of one of the rotor arms 
across the butt weld in order to re-inforce it but the 
bending and tension stresses were above our allowable 
limit. The location of the weld as shown in Fig. 7 at a 
point where the bending in the rim is zero and only the 
centrifugal tension exists, made it possible to use a 
welded construction. 

In Fig. 8 we have a typical are welded d-c. rotor, 
1000-kw., 300-rev. per min. for steel mill application. 
The construction here is characteristically different 
from the a-c. rotors in that there is no welded connec- 
tion between the spokes and rim, thus eliminating the 
condition where locked up stresses are serious. This 
permits the use of welding without strain annealing and 
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has been applied with complete success to Diesel driven 
generators, steel mill drives, ship drives, etc., all of a 
dynamic stress type. All machines of this type have 
been tested at repeated short circuit and maximum 
overspeed, and are designed to withstand a torque load 
of ten times normal. 

Fig. 10 shows an are welded bracket for supporting 
the rotor of a 25,000-kv-a. waterwheel generator. This 
type of bracket must be designed to permit a very small 
deflection and must withstand varying and shock loads. 
The waterwheel sets up considerable vertical vibrations 
and under certain operating conditions water surge im- 
pacts can be so severe that the rotor is actually lifted 
from its thrust bearing. 

The unabridged paper contains several additional 
examples of dynamically stressed welded structures. 

We have emphasized, in this paper, the degree to 
which electric welding may be relied upon in applica- 
tions where the structure is subjected to dynamic stress. 
Such applications can be successfully made by giving 
due consideration to the factors of maximum working 
stress, residual welding stresses, and stress concentra- 
tion. The pessimism of the past few years regarding 
dynamic applications is slowly disappearing and it is 
only by the careful consideration of all factors that are 
welding will be extended to all types of fabrication 
without restriction. 


Abridgment of 


The Fundamental Plan of Power Supply 


of the Detroit Edison Company® 
BY S. M. DEAN} 


Member, A. I. E. E. 


Synopsis.—Experience indicates that if electric light and power 
systems are to expand indefinitely, without enormous obsolescence 
charges, a carefully coordinated engineering plan must be adopted 
and, so far as practicable, system extensions fitted tort. This paper 
sets forth the principles involved and the plan adopted by the Detroit 
Edison Company. 

The description of the area served and the classification of cus- 
tomers indicates that the system is essentially of the metropolitan 
substation type supplemented by a 120-kv. transmission system. 

The importance of selecting proper circurt voltages and arrange- 


ments and their bearing on service reliability, system simplicity, 
and cost ts discussed. 

The underlying principles and the “‘Loose Linked”? Power Area 
Plan adopted to accomplish those principles are set forth. These are 
supplemented by the plan for short circuit and stability control and 
the resultant classification of substations, power sources, and pro- 
teclion schemes. 

Those characteristics of major electrical equipment affected by the 
plan are outlined. 

Operating procedure and results are given. 


I. SERVICE REQUIREMENTS 


HE territory served by the Detroit Edison Com- 
dp pany comprises 4400 sq. mi. in the southeastern 
part of the State of Michigan with a population 
of 2,190,000 people. The east central portion of the 
area is the city of Detroit, which comprises some 2 per 
cent of the areas served, but in which are concentrated 
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76 per cent of the people and 80 per cent of the power 
requirements. 

For purposes of studying the electrical load require- 
ments, the city of Detroit may be divided into three 
classes of districts: 

1. The general business and commercial area 
which shows an average load density of 25,000 kv-a. 
per sq. ml. 

2. Industrial areas having an average load density 
of 17,000 kv-a. per sq. mi. 

3. The residential districts which fill in the gaps 
between the downtown commercial area and the indus- 
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trial districts in the outskirts of the city and which ex- 
tend beyond into suburban or country areas. Load 
densities vary. 

The system peak load is about 550,000 kw., and the 
output of the power plants on the order of 21% billion 
kw-hr. per year. The entire system area lies within 
the same time zone. Half of the energy is delivered to 
less than 500 very large industrial and commercial 
power customers ranging in size from 100 to 15,000 
kv-a. whereas only 12 per cent of the energy is delivered 
to 450,000 residence customers. 

It is evident at once that an electrical system to serve 
such a territory will be essentially a substation system 
by reason of the many large industrial customers and 
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high for overhead distribution densities likely to be 
encountered for some time to come, and in the under- 
ground areas is quite adequate for customers up to 
10,000-kw. demand or more. Itis also low enough to be 
reasonably safe for overhead construction in streets and 
alleys and switchgear and regulating requirements are 
not burdensome. Also, grounds do not usually cause 
short circuits. This is most important from the 
service point of view. 

A 24,000-volt, solidly-grounded neutral system is 
employed to feed substations, 24,000 volts being selected 
as low enough to be safe for the three-conductor 
cables used within the city, and high enough to serve 
reasonably the outlying substations through overhead 
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the large. proportion of low-density residential and 
commercial area which can be served well by overhead 
lines. Since most of its load lies within the city area, it 
will be in large part a metropolitan underground system. 
Also, since power plants are of necessity located along 
the waterways on the edge of the territory served, and 
there are relatively large blocks of load located some 
- distance from them it will be, in part, a transmission 
system. 
II. VOLTAGES 
A 4800-volt three-phase isolated neutral system was 
early selected for distribution to industrial customers 
‘and was later extended to serve residential and com- 
mercial lighting customers. That voltage is sufficiently 
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lines. That voltage is also high enough to serve 
for some time to come any probable power require- 
ments over any distances likely to be encountered 
in the underground district. It is also high enough to 
permit the transfer of large blocks of power between 
generating centers by operating a reasonable number of 
cables in parallel (see Fig. 2). This eliminates for some 
time to come the necessity for a higher voltage step for 
bulk power transfer underground. 

The two generating plants located within the city 
load area (Delray and Connors Creek) deliver energy 
at 24,000 volts. 

For the two generating stations more remotely located 
from their load areas (Marysville and Trenton Channel) 
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120-kv. solidly-grounded neutral transmission is em- 
ployed. This transmission system also forms as a back- 
bone for the outlying portion of the area served. Again, 
this voltage is sufficiently high to give convenient bulk 
transfer of power, both within the system and for inter- 


connections. Fig. 2 illustrates the general transmission 
layout. 
III. FUNDAMENTAL PLAN 
Principles. The underlying principles which served 


as guides in the Detroit Edison Company’s system 
plan are as follows: 

1. It is neither necessary nor advisable to operate 
the Detroit Edison Company’s electrical system as a 
single unit, but rather to operate it as a group of power 
areas, each served at 24,000 volts by its own power- 
house or large step-down substation. 

2. Any acceptable system plan should be capable of 
indefinite expansion without recourse to major changes 
of switchgear or other electrical equipment; that is, 
without unreasonable obsolescence. 

3. In order that it may be practically operative, 
the plan adopted must result in a simple system. 

4. Substations and generating stations should be 
reduced to a minimum number of standard types and 
sizes employing, so far as conditions permit, equipment 
essentially standard with the electrical manufacturers. 

5. Since the greater part of serious electrical operat- 
ing troubles arises from the malfunction of switchgear 
or its accessories, it is good business and good engineer- 
ing to eliminate (particularly on those parts of systems 
having grounded neutrals) as much switchgear, bus 
work, and accessories as possible. 

6. So far as practicable, it is better to avoid the use 
of current limiting reactors in feeders, using them rather 
for sectionalizing purposes. 

General Plan. The general plan which has been 
adopted to carry out the principles set forth is illustrated 
by Fig. 2. - It consists of a number of 24-kv. generating 
stations, or 120-kv. step-down substations, (Class “‘D’’) 
each of which feeds what is termed a “power area.”’ 

Within the city, these Class ““D’’ power sources are 
connected together by what we have termed “inter- 
linking cables.”’ These “‘interlinking cables’ are so 
relayed that should an uncontrollable disturbance occur 
in any one of the step-down substations or generating 
stations or their connected 24-kv. cables, they will, as 
a last resort, open, leaving the power area in trouble to 
go its own way rather than unduly disturb the rest of 
the system. Thisis what is technically known as “loose 
linking.”’ Itis evident at once that those cables may be 
of any reasonable number and still be “loose linked;” 
that is, ‘‘loose linking”’ is a function of relaying and not 
of power transfer. 

The ‘‘pull apart’? points between power areas are 
essentially at the points marked P A on Fig. 2. The 
separation is accomplished by proper settings of the 
inverse time overcurrent “back-up’’ protection and 
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gives sufficient time for first and second line defense 
relays to clear the fault, if that is possible. 

In the suburban areas, the Class ‘‘D’’ power sources 
largely feed into a network of 24-kv. overhead lines, 
where short-circuit duty is a relatively simple problem. 

With one exception, the contro! of voltage and watt- 
less kv-a. between power areas is to be accomplished by 
tap-changing regulating transformers installed in the 
“Snterlinking cables” between power areas and between 
the halves of the 120-kv. bus at Trenton Channel. 
That exception is Northeast Substation (Class “‘D’’) 
where synchronous condensers are required because of 
the longer transmission distance. 

It is evident at once that such a system can be ex- 
tended indefinitely by connecting additional generating 
or step-down stations into the ring of ‘“‘interlinking 
cables,”’ provided the through impedance of the sections 
of ‘“interlinking cables” between stations is kept up to 
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the same value. For this system the maximum value 
is approximately 20 per cent on 100,000°kv-a., which is 
reasonable from the standpoint of stability. 
Short-Circuit Duty. After considerable study, the fol- 
lowing criterion for short-circuit duty was adopted: 


For 4800 volts—250,000 ky-a. maximum 
a 24 ky. —1,250,000 kv-a. maximum 
120 kv. —The nature of the 120-kv. system does 
not lend itself so readily to maximum 
short-cireuit control, but it seems rea- 
sonable to assume that 
within 2,000,000 kv-a. 


we can keep 


In arriving at these allowable short-circuit duties, it 
was necessary to take account of the types of generating 
stations and substations as well as the methods of 
interconnecting them. To meet those limits, and to 
reduce high-voltage switchgear to a minimum, the 
types of substations were adopted. (Fig. 3). The 
essential features of these types are as follows: 
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Class “‘A’”’ Substations: They have no 24-kv. switch- 
gear, they do not interconnect Class ‘“‘D’ power 
sources and they have permanent maximum short-cir- 
cuit duty on the 4800-volt side. 

Class ‘‘B” Substations: They serve as blocks of 
load which may be transferred from one power area 
to another as required, or may, as is usually the case 
be the connecting link between two power areas. 
They are so designed that, at a later date, they may 
be converted into points at which ‘bulk power” at 
high voltage’may be fed into the 24-kv. system; that is, 
into Class ““D’’ Substations. 

Class “‘C’’ Substations: They have no 24-kv. switch- 
gear, they do not interconnect Class “‘D’’ power sources, 
they have a permanent maximum short-circuit duty on 
the 4800-volt side, and by reason of their high “through 
impedance,” they do not invalidate the generating sta- 
tion bus section reactors. 

Class “D’’ Substations: In the 24-kv. generating 
stations sectionalizing reactance is required, and again 
the star-connected synchronizing or “equalizer”? bus 
isemployed. It is between these ‘‘equalizer’”’ buses and 
the 24-kv. buses in the 120-kv. stepdown substations 
that the “‘interlinking cables’’ are connected. 

The number of Class “‘B”’ switching stations is kept 
at a minmum as they do materially short-circuit the 
generating station bus section reactors. This also 
results in confining the costly and hazardous 24-kv. 
high-duty circuit breakers to the comparatively few 
Class “B’’ and Class ‘“‘D”’ substations and reducing the 
number to something like half those that would be required 
uf 24 -kv. switching were used in all substations. This is 
an important consideration from the point of view of 
reliability and economy. 

Fig. 2 shows the distribution of reactance between 
power areas throughout the system. 

Fig. 3 illustrates the combination of a power plant 
with typical substations and “interlinking cables.”’ 
The interesting features of such a layout are the 
synchronizing or “linkage buses,” the means of con- 
necting the power area into the system, (note that this 
is done simply with standard 24-kv. cable and switch- 
gear) the reduced amount of 24-kv. switchgear and the 
total absence of duplicate 24-kv. busses and switching. 
This absence of duplication is possible because each 
substation transformer in connected to a separate 
generating station bus section. It is possible, therefore, 
to lose any one generating station bus section without 
losing more than the normal reserve of feed to each 
substation. 

The star-connected synchronizing bus was chosen 
because every generator or group of tie cables is made 
equally available to every other one, and power trans- 
fer between them can be accomplished with a minimum 
of voltage variation. 

The star-connected synchronizing busses, with their 
reactors in the Class “C”’ Substations and the auto- 


DEAN: FUNDAMENTAL PLAN OF POWER SUPPLY 


Journal A. I. E. E. 


matic throw-over equipment which permits straight 
radial operation of each transformer in the Class “A” 
Substations, are the devices by which short circuits are 
kept down on the 4800-volt system. Fig. 3 illustrates 
these arrangements. 

The general use of Class “C’’ Substations with the 
transformers paralleled on the 4800-volt bus through 
reactors results in a much higher average short-circuit 
duty on the 4800-volt system than would be the case if 
the Class “B’’ substations were employed in which the 
24-kv. bus eliminates the necessity for 4800-volt paral- 
leling. This condition was deliberately chosen because 
it is very difficult to keep permanent control of short- 
circuit duty if 24-kv. switching is generally used. 
It is better in principle to have the higher short- 
circuit duty on the lower-voltage isolated-neutral system 
than on the high-voltage grounded-neutral system. 
The cost of suitable 4800-volt circuit breakers for 
this higher duty is not enough greater to be of ruling 
consideration. Operating experience over a period 
of years indicates almost no trouble from 4800-volt 
circuit breakers, and the actual high short-circuit duty 
area is relatively small. 

Protection Schemes. 
are as follows: 

Instantaneous relaying for 120-kv. line faults. 
(Double-circuit tower lines relayed differentially. 
Single-line operation over-current, for lack of suitable 
faster method.) 

Instantaneous relaying for 120-kv. transformers. 

Inverse time over-current protection for 120-kv. bus 
faults and as “back up” protection for line faults (for 
lack of suitable faster method). 

Instantaneous relaying for all 24-kv. line or cable 
faults over approximately 205,000 kv-a. 

Instantaneous relaying for all 24-kv. transformers, 
if the fault is in the high-voltage winding. 

Instantaneous relaying for all generators and their 
step-up transformers. 

Inverse time over-current protection for 24-kv. bus 
faults in outdoor switching substations and also as 
“back up” protection for line faults. (For lack of 
suitable faster method). 


Instantaneous fault bus relaying on all indoor 24-kv. 
switching substations. 

Approximately 1% second inverse time delay on 
4800-volt line faults which have 250,000-kv-a. ultimate 
maximum. (To permit transformer fuses and customers 
breakers to clear first). 

Instantaneous bus differential relaying for all 4800- 
volt equalizer buses in Class ‘“‘C”’ Substations. 

With the exception of fault bus protection, each 
relay and method has been employed on the system for 
a number of years. 

Stability. In arriving at any system general plan 
giving the desired distribution of reactance for proper 


The relaying methods adopted 
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short-circuit control, the opposite horn of the dilemma 
must be faced in the form of stability under operating 
conditions and the final solution must be a balance be- 
tween these two considerations. 


In the system plan outlined above, dependence is 
largely placed on fast relaying and switching for protec- 
tion against instability. 

So far, stability studies have been confined largely 
to limiting cases of three-phase faults on major buses 
(both 120-kv. and 24-kv.). Three-phase faults, 
directly at the 120-kv. busses at Trenton Channel or 
Marysville generating plants theoretically approach 
instability in the case of some of the older and slower 
circuit breakers. However, taking account of the 
difference between the theoretical and the actual op- 
erating conditions, and the fact that for several years 
we have operated the 120-kv. system under essentially 
the present conditions without any evidence of instabil- 
ity, there is reason to feel that the situation is 
satisfactory. 


All studies so far made indicate that there is a reason- 
able margin of safety in the case of the 24-kv. system,— 
even under three-phase fault conditions. 


IV. EQUIPMENT CHARACTERISTICS 


The characteristics of equipment are determined to 
varying degrees by the general type of system employed. 
The essential equipment characteristics as determined 
for this system are as follows: 


Prime Movers. The last nine turbo generator units 
have been designed with a nominal rating of 50,000 kw., 
a best point rating of 43,000 kw., and with good vacuum 
conditions and extraction, could probably carry some- 
what over their nominal ratings. A plant group of six 
units can be loaded on average days to 250,000 kw. 
with maximum economy, with one unit down, it can still 
carry 250,000 kw. reasonably, and, if necessary, care 
for somewhat greater short time peaks. With two units 
down, it can carry somewhat over 200,000 kw. Such 
a plant has an excellent running reserve and requires 
a minimum of transfer lines and cables. 

Generators. All generators whose output is at 24-kv. 
or 120-kv. have the generators and step-up transformers 
arranged as a unit. The reactance of the combined 
generator and transformers is kept at from 20 to 25 per 
cent. So far no trouble has been experienced due to 
instability of machines under suddenly applied loads, 
and therefore no particular short-circuit ratio has been 
specified. 

Excitation System. Hand-controlled excitation by 
means of throttled pole exciters without main generator 
field rheostats, has been employed so far with entire 
satisfaction. 

Circuit Breakers. The following speeds of operation 
and interrupting duties are required. 
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Service Time Rating 
120-ky. 15 cycles 2 million kv-a. 
24-ky. 10 cycles 11 million ky-a. 
24-kyv. 10 eyeles 1% million ky-a. 
4800-volt 7 eycles 250,000 kv-a. 
4800-volt 7 cycles 150,000 kv-a. 


The above circuit-breaker times are from the energiz- 
ing of the trip coil to the parting of contacts on a 60- 
cycle basis. 

V. INTERCONNECTIONS 


The company has four interconnections and two 
throw-over fringe connections. ; 

The interconnection with the Consumers Power 
Company was made to profit by the diversity between 
the combined hydraulic-steam system of that company 
and the all-steam system of the Detroit Edison Com- 
pany, and for mutual reserve. 

The interconnection with the Ford Motor Company 
is for mutual reserve. The initial installation of 30,000- 
kv-a. capacity has been operating for a few months and 
the second installation of the same capacity will shortly 
be made. 

Interconnections are also established with the Univer- 
sity of Michigan and the Packard Motor Car Company 
to equalize steam heating load and power requirements. 

Two throw-over fringe connections have been es- 
tablished with the Consumers Power Company along 
the mutual boundary line at points too remote for 
duplicate feeds. 


VI. OPERATING PROCEDURE 


Load control is accomplished by the load dispatcher 
assigning to three of the four power plants a definite 
load as determined by plant economy and instructing 
the fourth plant to hold frequency. 

Frequency control is manual and the Warren Clock 
Method of indication is employed as a guide. 

The general rule is that sufficient running reserve is 
maintained at all times to permit dropping the largest 
machine in any one plant on the system. Even with 
one machine down for overhauling, the plant must be 
able to carry its own load if it loses a second machine or 
loses its ties with one neighboring power area, thus 
meeting the requirement of the general rule. If there is 
sufficient machine or tie capacity to meet this condition, 
no change need be made in the power area; but if not, 
then the boundary of the power area must be adjusted 
to meet the new conditions. 


VII. RESULTS AS DETERMINED BY OPERATING 
EXPERIENCE 

The 120-kv. system has been operating in essentially 
the form shown in the plan for about a year and has 
given entire satisfaction. During that period, faults 
have been confined to the lines. 

The first of the 24-kv. Class ““D”’ power plants has 
just gone into commission and as yet no experience has 
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been obtained. It is the Delray Plant shown in Fig. 2. 
Quite a number of Class “A” and Class “C” Sub- 
stations has been in commission a year or more and 
during that time has functioned under line faults, 
giving very satisfactory results. 
The 120-kv. step-down substations (Class ““D’’) have 
been in satisfactory operation a number of years. 
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The performance of 4800-volt equipment under fault 
conditions has given full satisfaction. 
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Acoustics of Radio Broadcasting Studios 
BY L. E. VOORHEES! 


Non-member 


HE advent of radio broadcasting as a new kind of 
T entertainment in the early part of 1920 immedi- 
ately created a need for radio broadcasting studios. 
The development of the broadcasting studio during the 
four years following its creation has been just as rapid 
as the development of radio transmitting equipment 
because of its importance to the proper functioning of 
the radio broadcasting system. 

The broadcasting studio should provide the ideal 
place where addresses and musical programs can be 
given and picked up by the radio microphone. This 
does not mean that radio pick-ups cannot be made 
satisfactorily at other places. In determining the 
location of the studio, particular attention should be 
given to minimum street and building noise and facili- 
ties for connecting the studio electrically with the trans- 
mitting station. The development of high quality 
telephone circuits for transmission of speech and musical 
sounds over long distances with very little distortion 
has made it possible to locate the studio a great distance 
from the transmitting station if desired, and also to 
connect the studio with any number of broadcasting 
stations throughout the country. 

The first requirement of an acceptable broadcasting 
studio is that it should be as acoustically perfect as 
possible. The degree of acoustic perfection actually 
obtained is determined by the quality of the material 
picked up by the microphone in the studio. Judging 
the quality of a performance in a studio by means of the 
human organs of hearing will not give satisfactory 
results because these organs are too highly selective. 
The human organs of hearing are accustomed to func- 
tion in places where a great many sounds and noises are 
mixed together in a complex manner and for this reason 
they are trained to concentrate on those sounds which 
the person desires to hear and suppress those sounds 
which the person does not desire to hear. The radio 
microphone which is the organ of hearing for the broad- 
casting system does not possess this mental property of 
selectivity which the human organs of hearing do and, 
therefore, it picks up all sounds and noises in their true 
relation to each other. For this reason a_ studio 
acoustcially correct for microphone pick-up work will not 
be acoustically correct for the human ear. When one 
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enters an acoustically correct studio for the first time 
this effect is manifest by the “dead” condition of the 
room which the person experiences while talking. To 
people not accustomed to broadcasting from studios, 
the absence of familiar side tone, so to speak, is very dis- 
conecerting at first. This condition as a rule causes the 
performer to increase the volume of his voice, or if a 
musical instrument is being played, to play with more 
vigor. The added volume is unnecessary from the 
standpoint of the microphone, the result being a pos- 
sible overloading of this instrument. The above phe- 
nomenon illustrates why the human organs of hearing 
cannot be relied upon as a standard for judging the 
quality of material produced in a broadcasting studio. 


When the demand for broadcasting stations became a 
fact, the need for acoustic information from all estab- 
lished sources was increasingly great. Engineers who 
undertook to perfect the radio studio in the early days 
of its development naturally turned their attention to 
the results obtained in the field of acoustic correction of 
buildings by such men as Professor Wallace C. Sabine of 
Harvard University and Professor Floyde R. Watson of 
the University of Illinois. Professor Sabine’s pioneer 
work in the field of acoustics of buildings dates. back to 
1895 and it was due to his early experimental work that 
many of the underlying principles of acoustics were 
established. Professor Watson’s work which is ad- 
mirably described in his book on “Acoustics of 
Buildings,” published in 1928, was written for the pur- 
pose of furnishing information which would be helpful 
in advancing the development of acceptable acoustics 
in buildings with a view to aiding architects engaged in 
the design of new buildings to avoid acoustic defects. 


The greatest difficulty experienced by the engineers 
designing broadcasting studios was that all the material 
available on the acoustic correction of buildings was 
obtained on the basis of making the buildings acceptable 
to the human organs of hearing, while the material 
desired was for the purpose of making a broadcasting 
studio acceptable to a very unhuman and more exacting 
electrical organ of hearing known as the microphone. 
It can be seen, therefore, that the acoustic correction 
of broadcasting studios was in this respect an entirely 
new scientific investigation for an entirely different 
purpose. However, a large amount of valuable infor- 
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mation was obtained from the work done by investiga- 
tors along the lines of acoustics of buildings which 
played no little part in the advance of the art of radio 
broadcasting. For example: The coefficients of ab- 
sorption for various materials as established by Pro- 
fessors Sabine, Watson, and others and the theoretical 
principles underlying their use have been used exten- 
sively in the acoustic correction of studios. 

It is the purpose of this article to give a general pic- 
ture of the methods that engineers have used in con- 
structing acceptable broadcasting studios without going 
into too much detail. This paper would be incomplete, 
however, without a brief review of the nature of sound 
and its behavior in a closed room. 

Sound is a form of energy. Energy cannot be 
destroyed but it can be transformed from one kind into 
another. For example; if a sound wave in the air 
strikes against a board with a knot-hole in it, part of it 
may be changed into mechanical energy which vibrates 
the board, part may pass through the knot-hole and be 
lost, while the remainder may be changed into heat 
energy due to the friction between the air particles and 
the particles of wood as the sound wave passes through 
the board or is reflected from the surface of the board. 
A sound wave consists of a series of compressions and 
rarefactions produced in solid, liquid, or gaseous material 
by a vibrating body. The waves proceed away from 
the source in all directions, the zones of compressions 
and rarefactions forming spheres: having for their 
centers the source of the sound until they strike some 
interfering medium which may change the wave form of 
these spheres. 

Whenever sound waves pass from one medium into a 
second medium with different density or elasticity, 
they undergo a change. Part of the energy is absorbed 
in the form of heat and mechanical energy by the second 
medium, part is transmitted through the second 
medium, and part is reflected back from the surface of 
the second medium; the relative amounts in each case 
depending on the difference in density or elasticity 
between the two media. 

Sound waves are propagated through a medium with 
a velocity V which depends upon the elasticity HZ and 
the density d of the medium according to the following 
formula: 

V = VE/d 

Table I gives values of sound velocities for a few 

media. 
TaBLE I 
Veuociry oF SouNnD IN Vartous Mepra 


Medium Velocity of sound 
PAT Te ON Wha cod éeapenn e vah odes 1,088 ft. per second 
\WWETIKET A ciebens chon nmtennen = Gy tosme . 
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2. Smithsonian Tables—Tables 80 and 81. 
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An inspection of these data shows that sound travels 
much slower in air than it does in liquids or solids. 

Certain materials, like hair felt, carpets and draperies, 
present very little resistance to the propagation of 
sound waves. The reflection from the surface of this 
material is not large but the absorption of the sound 
energy in the openings between the fibers of this kind 
of material may be quite large. That part of the sound 
which is not reflected or absorbed passes through the 
pores of the material. If sound comes in contact with 
a smooth, non-porous, rigid surface, like a highly 
polished plaster or marble wall, most of the sound will 
be reflected back into the room and very little will be 
absorbed or transmitted. Sounds generated in solid 
materials are usually confined to those materials, except 
for cases where the materials vibrate with sufficient 
magnitude to produce condensations and rarefactions 
in the surrounding air. The reverse of this process 
takes place when a sound produced in the air has a 
frequency of the order of that which a solid body would 
have if left to vibrate free from any interference. In 
this case, the solid body is set in motion by the sound 
wave, and the vibrations in the air and in the solid 
body are said to be sympathetic or in resonance with 
each other. Two vibrating solid bodies may be in 
resonance with each other at a certain frequency of 
vibration. 

It can be seen, therefore, that the absorption or sound 
which is the prime factor entering into the acoustic 
correction of broadcasting studios is due mainly to 
friction which occurs between the walls of the inter- 
stices in the absorbing material and the oscillating air 
particles which converts the wave energy into heat 
energy. The absorption and the transmission of sound 
varies with the thickness of the absorbing material not 
in direct proportion but according to the exponential 
law 3° 

S= 
where 7 and 7, are the intensities of the sound that enters 
and is transmitted by the material respectively, a is a 
constant depending on the kind of material used, 
and x is the thickness of the material. 

I have given this rather brief resumé of the nature of 
sound as a background for the following discussion on 
the behavior of sound in a broadcasting studio. 

When a speaker makes an address before a micro- 
phone in a broadcasting studio, the sounds he utters 
proceed away from the source in all directions until 
they strike the boundaries of the studio or objects lo- 
cated in the studio. Here they are reflected, trans- 
mitted and absorbed in varying amounts depending 
upon the physical character of the objects and walls 
with which they come in contact. The reflected sound 
again travels about the room in directions determined 
by the laws of reflection until it again comes in contact 
with objects whose density and elasticity is greater than 
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air and then suffers a second loss of energy due to ab- 
sorption or transmission through the walls of the studio. 
Since sound travels in air with a velocity of about 1088 
‘ft. per second at ordinary temperatures, it will readily 
be seen that due to successive reflections it rapidly fills 
the studio. However, at each reflection the intensity, 
and hence the total energy of the wave, has been di- 
minished with the result that it gradually dies out. 
Since the sound is so rapidly reflected about the studio, 
the intensity or loudness at any instant is the same in 
all parts of the studio. At first thought it would 
appear that it would not make any difference in what 
part of the studio one placed the microphone. This is 
true from the standpoint of the intensity of the sound 
acting on its diaphragm but reflection has its ill effects 
as well as its good ones. 

Reflection produces a prolongation or reverberation, 
as it is called, of the sound and this is the most serious 
and common defect experienced in _ broadcasting 
studios and therefore requires first consideration. 
In this respect, speech differs widely from sustained 
musical sounds. Speech sounds are of such short 
duration that their amplitude, that is, magnitude of the 
waves produced by them, is small and hence they are 
usually absorbed rapidly after few reflections. Sounds 
of this nature build up to maximum volume and die 
down to zero volume very rapidly; therefore they do not 
persist for very long intervals of time in the studio. 
Sustained musical sounds, however, have to undergo 
many more reflections than speech sounds would to 
diminish them to zero volume and for this reason, they 
persist for a much longer interval of time. 

Another result of the reflection of sound is called 
interference. Sound waves reflected from the walls 
and objects in the studio may meet succeeding on- 
coming waves in the proper phase relation to produce 
concentration at certain points and total or partial 
interference at other points. These points of concen- 
tration and interference depend upon the frequency of 
the sound. In the case of musical sounds this effect 
can be noted when certain sounds are augmented while 
others are weakened or remain normal. Because of 
their short duration, speech sounds do not manifest 
this effect to any marked degree. 

Let us suppose that a sound wave comes in contact 
with an elastic body which is more or less free to move. 
As I have mentioned before, if the natural or free period 
of vibration of the elastic body is of the order of fre- 
quency of the impinging sound, a condition of reso- 
nanceisestablished and the body or wall vibrates in tune 
with the sound producing the vibration. Resonance, 
therefore, has a tendency to increase the volume of the 
sound producing it. 

If one stands in front of a distant building and claps 
his hands, he will note that the sound returnsto him in a 
short time after reflection from the building. This 
reflection which is in no way distorted is called echo. 
Echoes are not so troublesome in small broadcasting 
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studios as they are in large auditoriums. Echoes are 
annoying, however, when they do occur, and can be 
eliminated or greatly reduced by either changing the 
shape of the reflecting surface in order to break up the 
sound or by making the surface more absorbent thereby 
reducing the reflection. 

When several musical instruments are being played 
or a quartette is singing in a studio, any augmenting or 
diminishing of certain tones alone, produces a very 
disagreeable, unnatural combination of sounds which we 
term distortion. The microphone is sensitive to every 
sound and does not filter out undesirable ones like the 
human organs of hearing do by mental processes. In 
order to obtain a faithful reproduction of studio enter- 
tainment we must first produce it correctly. There are 
two important factors which, if properly controlled, 
will give us studio material which will be scientifically 
acceptable for pick-up by the microphone. These 
factors are, first, an acoustically correct studio and 
second, proper arrangement of the artists and instru- 
ments in the studio. 

What is meant by a studio acoustically correct for 
broadcasting? Professor Watson says,‘ “‘Perfect acous- 
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tic conditions in an auditorium are obtained when an 
average sound rises to a suitable intensity in every 
part of the room with no echoes or distortion of the 
original sound, and then dies out quickly enough not 
to interfere with succeeding sounds.” 

Professor Watson’s answer to the question as applied 
to auditoriums replies equally well to the question as 
applied to broadcasting studios. 

Fig. 1 shows graphically how a sound grows to a 
maximum and then decreases, before and after a studio 
has received acoustic treatment. 

Curve No. 1 is for a studio with small absorption and 
shows how the sound intensity grows slowly to a maxi- 
mum and after being stopped, decays slowly to zero. 
Curve No. 2 is for this same studio after it has been 
corrected and has large absorption. It will be noted 
that the growth and decay is very rapid in this case. 
It will also be noted from the curves that placing 
absorbing material in the studio materially reduces the 
intensity. According to the law of conservation of 
energy, you cannot get something for nothing; there- 
fore, you cannot obtain a perfect acoustic condition 
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in a studio without incurring some loss in the volume 
of the sounds produced therein after treatment. This, 
however, is a fortunate loss in the case of broadcasting 
studios since large volume is not required for micro- 
phone pick-up work. This leads us to the discussion 
of the acceptable size of a studio with respect to the 
source of sound. 

Good acoustics and correct reproduction, as deter- 
mined by means of the microphone as an electrical 
ear, have been obtained in many of the broadcasting 
studies throughout the country. By increasing the 
volume of music in such studios to the point where the 
quality just begins to become imperfect and then 
plotting these limiting energies against the volume of 
the studios in cubic feet, respectively, a curve would be 
obtained showing the relation between the energy of 
sound and the volume of the studio. This curve would 
be an approximate guide in determining what size 
orchestra or group of singers could perform satis- 
factorily in a studio of a given size. The number of 
different kinds of instruments for best effect can be 
determined in the same way. It has been found by 
experience that studios used principally for musical 
programs should be larger than those used for addresses. 
An address can be made from an acoustically treated 
telephone booth with just’as good and sometimes even 
better results than if made from a small studio. For 
esthetic and hygienic reasons, small booths are not 
used extensively for this typeof broadcasting although 
they are used for announcing purposes in places where 
there is considerable noise and confusion between 
various parts of a program. For orchestras of approxi- 
mately 10 pieces, the studio should have a volume of 
about 8000 cu. ft. to give best results. Such orchestras 
should contain very few brass instruments. For larger 
orchestras having a greater number of brass instru- 
ments, larger studios should be provided. No sharply 
defined limits can be placed on the size of the studio for 
volume of music produced, and for this reason, the 
results obtained in actual cases are the best criteria. 

The most important phase of the subject of acoustics 
of broadcasting studios is the correction of excessive 
reverberation. This defect has been touched upon 
briefly in a preceding part of this paper. Let us 
assume that we have a steady source of sound in a 
studio. Sound waves will proceed away from this 
source in all directions and come in contact with the 
boundaries of the studio and various objects in the 
studio, where part of the energy will be absorbed at 
each reflection. In a short time a state of equilibrium 
will be reached when the quantity of energy absorbed 
will equal that which is being generated. If the source 
of sound is stopped suddenly, the sound in the studio 
will die out. The time that it takes the sound to die 
out will depend on the absorbing power of the walls, 
furniture, draperies, etc., in the studio. 

Professor Sabine developed-the following formula for 
the energy of sound per unit volume: 


VOORHEES: ACOUSTICS OF RADIO BROADCASTING STUDIOS 


213 


iNet aes 
avV 


2 =[ 


= mean free path between two reflections 
= average absorption coefficient 
volume of the room 
= time 
= velocity of the sound. 
After Sabine developed his formula, G. Jager, of 
Vienna, developed a similar formula which is as follows: 
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where the quantities are the same as in Sabine’s formula 
with the additional quantity s representing the surface 
area of all the objects exposed to the action of the sound 
and the quantity p omitted. A study of the above 
formulas shows several interesting facts. If the source 
of sound A is kept constant, the maximum intensity 
which the sound can reach depends on the term as 
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in the factor 22 When «as increases, the intensity 
decreases, a s representing the absorption factor in the 
equation. As the size of the studio is increased, the 
term as is increased and the volume of the sound is 
correspondingly decreased. Speech sounds which have 
short duration would not apply in this case since it is 
assumed that the source of sound persists long enough 
to reach the state of equilibrium in the studio. Where 
there are several kinds of absorbing materials in the 
studio, each having its own value for the term as, 
then the term used in the equation for absorption 
will be the summation of all the individual absorption 
terms. 

The reverberation or decay of the sound in the studio 
is given by the expression: 
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For the best acoustic condition the value of t should be 


small and the value, therefore, of the factor ee 
proportionately large. Since the volume V of the 
average studio is small, ¢ should be correspondingly 
small for good acoustics. If ¢ is not small, absorbing 
materials must be introduced into the studio to reduce 
the reverberation or “liveness” as it is called. Too much 
absorbing material will make the studio too “dead,” 
and too little material will make it too “alive.” These 
two expressions have come into general use for acoustic 
engineers. 

For musical performances, a studio should not be too 
“dead”? since there are usually a number of persons 
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performing and the microphone cannot be placed too 
close to the performers and still be in the best location 
to pick up a balanced combination of tones from the 
various performers. For addresses, the speaker is 
located directly in front of the microphone within the 
limits of 6 in. to about 31% ft. and in this case only the 
direct sound from the speaker is desired. No reflected 
sound is necessary and therefore the studio used for 
this purpose could never be considered too “dead.” 
If the speaker’s studio is extremely dead, it is difficult 
at first for the speaker to adjust his organs of hearing, 
which are not accustomed to these conditions, so that 
he will not be tempted to shout into the microphone in 
order to produce enough side tone in the studio to satisfy 
the requirements for ordinary hearing. Shouting into 
the microphone is just as disastrous to the quality of the 
output of this instrument as talking too low. Whena 
speaker is located more than 31% ft. from the micro- 
phone in a “dead” studio his voice will sound hollow or 
metallic. This defect is due to the absence of low pitch 
tones and overtones in the speakers voice. The effect 
is explained as follows: Ina “dead” studio the low pitch 
sounds are absorbed more readily than the high pitch 
sounds. High pitch sounds, therefore, predominate 
in the total reflected sound existing in the studio at any 
instant. When the speaker is close to the microphone, 
its diaphragm is actuated primarily by the direct sound. 
The reflected sound has very little effect. As the 
speaker moves away from the microphone, the intensity 
of the direct sound received at the diaphragm becomes 
smaller and the intensity of the reflected sound, which is 
predominately high pitched, greater in proportion. The 
result is an increase in high pitch sounds with a decrease 
in low pitch sounds which makes the speakers voice 
sound hollow. In the case of pick-up work in “live” 
studios or out of doors the reflected sound reaching the 
microphone does not contain an excess of high pitch 
sound to so great an extent and, therefore, the speaker 
can talk at greater distances from the microphone than 
he can in a “dead” studio. If the speaker’s voice is 
strong and rich in low tones, this hollow, metallic effect 
is not so pronounced. This explains the reason why 
some voices, rich in overtones, broadcast better than 
others which are of high pitch and staccato. 

Fig. 2 shows two curves obtained by plotting the time 
of reverberation against the volume of the room where 
the acoustics of the room are maintained for best results. 

Curve No. 1 is Watson’s Curve’ for music rooms with 
maximum audiences. Curve No. 2 is for broadcasting 
studios with only the performers present. The data for 
both these curves were obtained from actual tests made 
in music halls and broadcasting studios of various sizes. 
In the case of the studio, of course, the audience is not a 
factor for consideration. As mentioned before, music 
halls and auditoriums are designed to satisfy the organs 
of hearing of the audiences, while broadcasting studios 
are designed to satisfy the requirements of the micro- 
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phone. Examination of the two curves shows that the 
time of reverberation for studios is less than that for 
music halls having the same volume. For instance, a 
concert hall of 8000 cu. ft. should have a reverberation 
of 0.80 sec. with maximum audience for good acoustics, 
while a broadcasting studio used for music and only the 
performers present, should have a reverberation con- 
stant of 0.64 sec. For addresses the studio should have 
a constant of 0.45 sec. or less. 

Radio broadcasting studios have a decided advantage 
over music halls in that the reverberation can be varied 
to a great extent in order to compensate for the number 
of persons present. This is accomplished by providing 
mechanical means for shifting the absorbing material 
which is hung against the plaster walls of broadcasting 
studios so that this material can be bunched together 
at certain points, thereby exposing a considerable part 
of the hard plaster surface to the sound, making the 
studio more “alive.’”’ Although the same amount of 
material remains in the studio, its increased absorbing 
power when massed together is more than offset by the 
increase in reflection from the exposed plaster wall; 
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hence, the time of reverberation is increased by this 
method. People make good absorbing material. When 
a studio is found to be too “alive” after all means 
available in the studio for reducing the reverberation 
have been utilized, the introduction of a few of the 
people from the reception room into the studio will 
generally add enough absorbing material to correct the 
defect. In auditoriums where a variable audience 
forms part of the absorbing material, wider limits have 
to be accepted for the time allowable for reverberation. 

The absorbing materials used to correct the reverbera- 
tion and other defects in broadcasting studios are with 
few exceptions identical with those used in the acoustic 
correction of buildings. Again the progress in the art of 
acoustic correction of buildings has materially helped to 
advance the perfection of radio broadcasting studios. 
Many materials have been tested by means of sensitive 
sound measuring instruments, such as the resonator 
developed by Lord Raleigh, and the values for the 
absorption power determined most accurately. A very 
common material used in broadcasting studios is hair 
felt about 1 in. thick. This felt is secured firmly to the 
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surface to be treated. A membrane of loosely woven 
cloth, such as crash, is stretched at a distance of about 
1 in. from the hair felt. This membrane can be ob- 
tained in colors to correspond to the interior decora- 
tions. In some cases it has been tinted in various 
designs, although this is not desirable from the stand- 
point of absorption power as the material used for tint- 
ing fills the pores in the membrane which obstructs the 
passage of sound waves through it. An unpainted 
membrane effectively hides the hair felt but permits 
the free passage of sound to the highly absorbing felt. 
As sounds pass through thick material of this nature, 
absorption takes place before it reaches the hard surface 
in the rear and again after the sound has been reflected. 
Thick materials act as good sound absorbers. The 
hair felt treatment is usually applied to the ceilngs of 
studios, the side walls being treated with heavy ad- 
justable draperies extending from ‘the ceiling to the 
floor. Heavy carpets on the floor prevent reflection 
from this source and are very effective in reducing the 
reverberation in the studio. Overstuffed furniture is 
another excellent sound absorbing material. 

Table II° gives some of the coefficients of absorption 
obtained for different materials by F. R. Watson. The 
list of materials is being enlarged every year so one 
ought to have no difficulty in selecting the right material 
for the right purpose. 

The arrangement of the pieces of an orchestra or the 
different voices of a group of singers with respect to the 
location of the microphone is a very vital problem when 
good quality is to be produced. The microphone’s 
diaphragm is not so sensitive to the low pitch sounds 
produced by bass instruments and bass voices as it is to 
high pitch sounds. Low pitch instruments located in 
the vicinity of absorbing material may have the greater 
part of their sound energy absorbed before it has an 
opportunity to be reflected about the studio. For these 
reasons bass voices and bass instruments are located 
close to the microphone while the other instruments or 
voices are located at distances proportional to their 
pitch and the intensity of the sound produced by them. 
Large volume is not required in studio work because 
special high quality vacuum-tube amplifiers are em- 
ployed for increasing the volume output of the micro- 
phone to the proper energy level. Every effort should 
be made to secure the best balance between the various 
sources of sound in a studio without distortion, so that 
the material leaving the studio as electrical energy, 
when transformed back into sound energy, will approach 
as nearly as possible an exact reproduction of the per- 
formance that the musical director intended to pro- 
duce. One cannot judge, therefore, the quality of 
entertainment leaving a studio by merely listening to it 
in the studio because, as said before, the studio is 
designed to function with respect to the microphone, 
which is an entirely different organ of hearing then the 
human organs. 


6. Watson ‘‘Acousties of Buildings,’’ page 25. 
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Some of the broadcasting stations operate a group of 
one or more studios with a separate acoustically treated 
room in which a high quality loudspeaker is installed for 
monitoring. In such rooms the quality is judged and 
changes in studio arrangements are suggested on the 
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basis of the conclusions reached. Monitoring rooms 
are generally used most during tryouts; however, some 
broadcasting stations provide for continuous monitoring 
during the broadcasting period. 
The walls of broadcasting st 


udios are often con- 


216 


structed of a semi-hard material to which plaster is 
applied. Where several studios are grouped together, 
the walls between them are sometimes “Floated.” 
A floating wall is one which has no rigid connection 
with the other walls of the building, the rigid members 
of the floating wall being separated from those of ad- 
jacent walls by a loose material which acts as a cushion. 
A floating wall greatly reduces the amount of sound 
transmitted from one studio to another as a result of 
vibrations set up within the rigid portion of the wall 
itself. 

Broadcasting studios which have windows opening 
on noisy streets are unable to obtain satisfactory results 
when it is necessary to open the windows for ventila- 
‘tion. A studio constructed in the interior of a building 
without windows is much to be preferred from the 
standpoint of interfering noise, but special attention 
must be given to the acoustic treatment of the air 
ducts used for forced ventilation of such studios. 
Where several studios are fed from the same ventilating 


Fic. 3—LarGE STupDIos oF THE WASHINGTON STUDIOS OF THE 


NATIONAL BROADCASTING COMPANY 


system and two or more are being used simultaneously, 
as is the case at some of the larger broadcasting sta- 
tions, the air ducts connecting the various studios 
would act like speaking tubes and convey the sound 
from one studio to another. Ventilating systems for 
broadcasting studios therefore have to be designed 
from the standpoint of good acoustics in addition to 
that of providing fresh air. This is accomplished by 
lining the separate channels leading from the fan to the 
studios with hair felt or other absorbing materials. 
The length of these air channels must be such that all 
the sound leaving one studio by this means will be 
absorbed before it has an opportunity to reach another 
studio. To aid the absorption process and provide the 
most indirect path for the sound, a number of bends 
are formed in the air ducts. These bends, lined with 
absorbing material, offer very high resistance to the 
passage of sound, and not a great additional resistance 
to the slow moving air streams. As has been pointed 
out, metal is a good carrier of sound vibration. For this 
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reason the metal air ducts coming from studios are 
acoustically separated from the main entrance to the 
blower by a canvas tube. In this way vibrations set 
up in the movable parts of the blower are prevented 
from passing through the metal which forms the air 
ducts into the studios. 

Figs. 3 and 8A is a typical studio and Fig. 4, a typical 


Fie. 3A—SMALL STUDIO OF THE WASHINGTON STUDIOS OF THE 


NATIONAL BROADCASTING COMPANY 


studio used primarily for addresses. The draperies on 
the side walls can be so adjusted as to expose the plaster 
wall if necessary. Both studios have false ceilings of 
cloth which hides the absorbing material mounted, on 
the hard plaster. The ventilator openings are located 
behind the side wall draperies. A heavily padded 
monitoring room is located between the two studios 


Vie. 


4--STupDIOS FOR ADDRESSES 


fitted with double glass windows for observation. The 
walls of this monitoring room are floated so as to 
prevent transmission of sound into the room from the 
studios by means of vibrations set up in the walls. 
The facts discussed in this paper should make it 
clear that the design of an acoustically correct broad- 
casting studio is not a matter of guess work but is a 
result of the analysis of the acoustic properties of the 
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materials entering into the construction and decoration 
of the studio and the application of mathematical 
formulas in order to secure the proper size and rever- 
beration constant for the best acoustic conditions. 
The studios of Stations WEAF and WJZ, New York 
City, are good examples of studios for which careful 
acoustic calculations were made, and the corrections 


COGGESHALL: SUBMARINE TELEGRAPHY- 


217 


which were necessary determined before the actual 
construction began. Only minor acoustic changes were 
necessary after these studios were completed. These 
were excellent examples of the accuracy which can be 
obtained through the intelligent application of existing 
acoustic data to the design of acceptable radio broad- 
casting studios. 


Abridgment of 


Submarine Telegraphy 


in the Post War Decade 
BY L. S. COGGESHALL* 


Non-member 


Synopsis.—The post-war decade, which has given to the technique 
of the submarine telegraph both the regenerative repeater and the 
inductively loaded cable, deserves to be chronicled as one of the most 
significant periods in the history of the cable art. These two major 
developments, and some important corollary inventions and applica- 
tions, are discussed in this paper. Reference is made to articles pre- 
viously published describing recent developments at length. In 
addition, the paper contains descriptions of: 


HISTORICAL NOTES 


RIOR to the year 1918, transatlantic cables were 
worked sectionally by manual relay; that is, 
cablegrams were recorded and re-sent at various 

cable stations between New York and London, involv- 
ing transcription by operators in Nova Scotia, New- 
foundland, Ireland, or Cornwall, and sometimes at all 
four points.- The year 1918 saw the first successful 
American attempts to repeater one long cable section 
into another, the result having been made possible by 
improvements in relays, shaping networks, and mag- 
nifiers. During the war and immediately thereafter, 
the combined facilities of all cable companies were not 
sufficient to care adequately for the traffic which was 
offered. Owing to the necessity of convoying cable 
ships, there was difficulty in having deep-sea repairs 
made. Sectional operation and military censorship 
threw a great burden of service traffic upon the cables, 
with the result that the congestion was sometimes so 
great that it could not be cleared overnight. The 
traffic incident to the war and later, to the negotiations 
for peace, overwhelmed the cable plant and served 
to focus attention upon the military and economic 
importance of adequate overseas communications. 


Due largely to technical improvements in operation 
and an increase of cable facilities, the transatlantic 
cable plant is now running practically ‘clear’ from 9 


*General Traffic Supervisor, Western Union Telegraph Co., 
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A two-element cable recorder code adapted to land-line trans- 
Mission. 

A cable printer system using a two-element code of practically the 
same time length as three-element recorder code. 

A typical installation of Pernot superimposed cable carrier 
apparatus. 

A brief account of the steps which have been taken to balance an 
inductively loaded duplex cable. 


p. m., New York time, until the opening of business the 
following morning, and prior to 9 p. m., the load handled 
is about 40 per cent greater than the war time load. 
The developments of the last few years have therefore 
not only met immediate demands for cable traffic 
capacity but have opened opportunity for future de- 
velopment without additional plant cost. 

An analysis of the factors which may be thought of as 
having given impetus to the unprecedented technical 
expansion of the decade just ended gives first place 
to the success with which automatic apparatus was 
adapted to landline telegraphs in the preceding decade; 
second, to a wide dissemination among engineers of 
transmission principles, epitomized in the “telegraph 
equation” and popularized by writers like Malcolm;! 
and third, to an economic urge produced by trans- 
oceanic radio competition with its threat to supersede 
cable telegraphy unless the costs of maintaining the older 
form of communication were substantially reduced. 

To survey the accomplishments of the period under 
consideration in proper perspective necessitates the 
selection of the more important developments. In 
order of importance of results, these were the regenera- 
tive repeater, the inductively loaded cable, the cable 
printer, and a number of others given in the complete 
paper but not included in this abridgment. 


REGENERATIVE REPEATERS 
The regenerative repeater is a device for picking up 
the least distorted portion of successive unit signal 


1. ‘‘Theory of the Submarine Telegraph and Telephone 
Cable,”’ by H. W. Maleolm, Benn Bros., London, 1917. 


218 


impulses as they arrive over a circuit, and for utilizing 
their respective polarities to control the formation of 
completely regenerated signals to be passed into another 
circuit The application of regenerative repeaters to 
cable systems is an achievement of the post-war decade. 

In practise, tuning forks, vibrating in synchronism at 
the opposite ends of a cable section, form the basis of 
regenerative repeater systems. The frequency of vi- 
bration of the forks usually bears some integral ratio 
to the primary signaling frequency, f. (f is the fre- 
quency which is produced by an unbroken succession 
of unit signal impulses of opposite polarities.) Thus, a 
fork at Penzance, England, vibrating at frequency 5 f, 
may drive a multipolar synchronous motor at a constant 
speed such that the transmitter which is geared to the 
motor will send square-topped alternating current into 
the transatlantic section at frequency f. At Bay 
Roberts, Newfoundand, a fork vibrating at frequency 
2 f may be so phased with respect to the incoming 
signals that a contact on the tine will, in effect, be 
applied to the cable in the middle, or best portion, of 
the received unit impulses. The polarity of the in- 
coming impulse at the instant the tine makes contact 
will be locked up through suitable circuits for the full 
duration of a unit impulse, and will determine the 
polarity of a “‘regenerated’’ impulse to be transmitted 
into the next section of line. The fork repeater? is the 
simplest of the regenerators and during the past few 
years has found extensive application in cable work. 

All fork regenerative systems employ some method of 
correction of fork speed. The instant of reversal of 
polarity of incoming current forms a convenient datum 
point to which the action of the receiving fork is 
referred; if the phase of the receiving fork leads the 
incoming signal, a circuit is set up which dampens the 
vibration of the fork; this in turn will result in a lag 
of the fork behind the incoming signal, causing the 
setting up of a circuit which will increase speed. The 
fork is therefore always kept in phase, within narrow 
limits. 

At times it is advantageous to arrange a receiving 
fork to drive a synchronous motor at constant fre- 
quency and to handle the received currents through 
brushes mounted on the motor shaft; thence through 
segments forming the “rings” of a distributor.? Such 
an arrangement is called a rotary regenerative repeater. 
The pick-up and lock-up principles do not differ radi- 
cally from those employed with the fork regenerator.? 
Correction usually takes the form of a ratchet’ or 
differential-geart mechanism interposed in the dis- 
continuous shaft by means of which the synchronous 
motor drives the brushes. 

2. Printing Telegraphs on Non-Loaded Ocean Cables, by 
Herbert Angel, A. I. EH. E., Trans., Vol. XLVI, 1927, p. 884. 

3. Printing Telegraph Systems, by J. H. Bell, A. I. E. E. 
Trans., Vol. 39, Part 1, 1920. 

4. “Automatic Printing Equipment for Long Loaded Sub- 
marine Telegraph Cables,” by A. A. Clokey, Bell System Tech. Jl., 
Vol. VI, July 1927, p. 402. 
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The signals which compose the letters of cable re- 
corder code are called three-element signals because 
they contain impulses of positive, negative, and zero 
(earthed) potentials. Regenerators repeat. three-ele- 
ment signals from cable to cable perfectly, but where 
landlines are involved the zero potential is not con- 
veniently handled on account of the high level of 
induced currents encountered. In 1926 the Western 
Union first joined three-element cables to two-element 
landlines through a modified rotary repeater, and since 
then this system has afforded great flexibility in making 
up through cable-landline circuits. The modified 
rotary repeater’ makes use of the fact that if the 
limiting frequency of a cable section is f, the landline to 
which it is connected can almost always be worked 
without difficulty at 2 f. Consequently the three- 
element signals may be converted after regeneration into 
two-element signals of half-unit length; the recorder 
“dot”? becomes plus, minus; the dash becomes plus, 
plus; and the letter-space becomes minus, minus. The 
cable signal for letter “‘A,’’ (dot, dash, space), regener- 
ated from the cable at frequency f, is thus retransmitted 
to the landline as plus, minus, plus, plus, minus, minus, 
at frequency 2 f. This signal can be repeatered through 
any standard landline repeater. At the terminal the 
signal is “unscrambled”’ by means of a fork running at 
frequency 4 f and suitable relay circuits, and is read by 
the operator as ordinary three-element cable recorder 
code. 

The regenerator has had several marked effects upon 
the fortunes of all the cable companies. First, it has 
resulted in labor savings at repeater stations of the 
order of 70 per cent of the total staff in attendance. 
Second, it has met the challenge of the transoceanic 
radio for “direct’’ connections. New York is now elec- 
trically connected by the cables of various companies 
with London, Liverpool, Irish Free State, Emden, 
Berlin, Havre, Paris, the Azores, Havana, Mexico 
City, Barbados, Pernambuco, Rio de Janeiro, Val- 
paraiso, and Buenos Aires, and several intermediate 
points. A third effect of the regenerator has been 
to improve the speed of service on the bulk of traffic, as 
compared with the purely specialized handling of 
important files that was common in days of manual 
relay. Fourth, the accuracy of the service has been 
improved, both by reduction of the hazard incident 
to the handling of messages by many operators, and by 
the substitution of a bold, easily read signal for the 
old-time distorted characters. 


INDUCTIVELY LOADED CABLES 
The principles involved in the improvement of trans- 
mission of cable signals by inductive loading have been 
understood for many years, but their application has 
been the work of the past decade. 
Inductive loading may be lumped, continuous, or 
tapered. The latter two methods have proved to be 


5. C.F. Nelson, U.S. Patent, 1927. 
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practical on long cables, continuous loading being 
optimum for one-way operation and tapered loading 
for duplex operation. Both methods employ permal- 
loy,® an American-made alloy, or mu-metal, a similar 
foreign product, applied in the form of a continuous 
helix of tape or wire wound around the cable conductor 
as an axis, and contiguous to it. 


There are now four continuously loaded cable 
sections and one taper-loaded cable in operation in the 
Atlantic. Two of the four continuously loaded sections 
are repeatered to form one four-channel unidirectional 
cable between New York and London, operated by the 
Western Union; and the other two sections are re- 
peatered to form one five-channel unidirectional cable 
between New York and Emden, Germany, with one 
channel dropped at Horta and operated jointly by 
Western Union, Commercial Cable Company, and 
German Atlantic Telegraph Company. The present 
unidirectional printer operating speeds of these cables 
are 67.5 and 65.0 cycles per sec., respectively, (two- 
element signals). 

The Bay Roberts-Horta cable laid in 1928 is taper- 
loaded, the end sections being unloaded. It has a 
nominal one-way speed of 77.6 cycles per sec., (2500 
letters per minute, three-element). Western Union 
engineers have successfully balanced this cable at one 
end, at 48.4 cycles per sec., (1400 letters per minute, 
three-element); equipment is now being manufactured 
for the other end. 

In this case, the balance was obtained by the method 
of wave reflections from points on cable and artificial 
line where impedances abruptly change, using the 
oscillograph’ as a tool. A single impulse traveling 
simultaneously along cable and artificial line is reflected 
at each point where the surge impedance changes. If 
there is a lack of correspondence between main and 
artificial lines at a point reached by the wave at time f¢ 
after the wave starts, a momentary difference of poten- 
tial across the cable bridge will due to reflection, exist 
at time 2¢t. The artificial line is then adjusted until at 
time 2¢ no difference of potential exists. Attention 
may then be given to conditions at time 2 (¢ + d 1), etc., 
until a straight line is obtained on the oscillograph, 
denoting “‘perfect’’ balance. Many practical difficul- 
ties, due to double reflections, effect of sea-earth, etc., 
had to be overcome in practise to secure a balance. 

The artificial line network used on this cable may be 
described as a succession of inductance units jointed in 
series, paralleled by a succession of resistance units 
joined in series, and the two series cross-connected at 
their respective joints by condenser units. The values 
are so chosen that the cable, as nearly as possible, is 
matched in impedance throughout its length, due regard 


6. The Loaded Submarine Telegraph Cable, by Oliver E. 
Buckley, A.I. E.E. Trans., Vol. XLIV, 1925, p. 882. 

7. Described by J. J. Gilbert, in an article: ‘‘Determination 
of Electrical Characteristics of Loaded Telegraph Cables,” 
Bell System Tech. Jl., Vol. VI, July, 1927. 


COGGESHALL: SUBMARINE TELEGRAPHY 


219 


being given to the relative importance of the portion of 
line nearest the terminal. 

The considerations which result in the decision to lay 
a duplex loaded cable instead of a unidirectional cable 
are complicated. Each time the question comes up, 
the situation must be investigated from many angles, 
of which the rate of flow of traffic in each direction dur- 
ing different hours of the day is one of the most impor- 
tant, as is also the allocation of paralleling facilities to 
various uses. Since it is possible to secure from the 
duplexed cable referred to above an output of 2800 
letters per min. as compared with a net unidirectional 
speed of 2380 letters per min. (deducting 5 per cent lost 
time for automatic turn-around), the duplex operation 
of a taper loaded cable would appear to be optimum. 
A continuously loaded cable having the same uni- 
directional speed would require less copper but more 
miles of loading; the element of cost, therefore, has to 
be considered in determining whether to lay a duplexed 
or unidirectional cable. 

At the present state of the art, unidirectional loaded 
cables are being utilized for handling “‘bulk’’ traffic of 
ordinary and deferred classes, while the old type cables 
are being deployed for the fast specialized services. 


PRINTERS 

Printing telegraphs have been well established in 
landline practise for many years; their application to 
loaded and non-loaded cables is the product of the 
post-war decade. 

Adaptation of printers to high-speed unidirectional 
cables has been made practicable by‘ (a) utilization 
of vibrating circuits for fill-in purposes, (b) brush- 
driven vibrating circuits, (c) automatic turn-around, 
with provision made for stopping and starting trans- 
mitters and printers, and short-circuiting amplifiers, 
stage by stage, (d) improvement in relays, in distributor 
prime-movers, and in means for controlling phase 
relationships of sending and receiving brushes, (e) pro- 
vision for sending Morse at low frequencies over the 
cable without paralyzing the amplifiers. 

The application of printing systems to old type 
duplex cables? has been complicated by balance troubles. 
While the system of attenuation of single impulses can 
be carried on successfully at the receiving end of the 
cable, the application of double frequency at the sending 
end puts a burden on the balance too great to be taken 
care of at present. The high speeds handled also 
introduce problems of variable lag,’ all of which have 
not as yet been solved. Up to the present time, the 
use of printers on old type cables, in so far as they have ~ 
duplicated the performance of recorders, has been suc- 
cessful, but for purely traffic reasons their installation 
in combination with recorder circuits in the same offices 
has not produced notable gains in operating economy. 

A new type of printer system’ is now being tried out 


8. H. Angel and J. W. Robinson, patent applied for. 
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to avoid some of the troubles previously encountered. 
It makes use of Murray-Baudot five-unit two-element 
uniform code, reconstructed into a non-uniform two- 
element code, wherein the letters are from 6 to 9 half- 
units in length, the average number of full-length 
impulses per letter being 3.50, comparing with 3.71 for 
cable recorder code. Marking impulses of Baudot are 
transmitted full length, there being arbitrary reversal 
of polarity between each two successive marking im- 
pulses; spacing impulses are transmitted at half-length, 
the polarity of any number of them in succession from 
one up, being the same as the marking impulse which 
preceded them. Thus the letter W, which in Baudot is 
M, M, S, S, M,? in the Angel modification becomes 
++,—-,-,—-, + +, each of the units being half 
the length of those in Baudot. The letter F in Baudot 
is M, S, M, M, S; in Angel code it is + +, +, ——-, 
++, +. The perforator, transmitter, and printer 
are the same as used in Baudot operation. The printer 
has the interesting and valuable feature of “going into 
pi’ whenever a line hit or repeater fault occurs; this is 
caused by the non-uniform code, which results in the 
printer’s going out of step when one letter is mutilated; 
but the receiving operator can restore synchronism with 
a push-button and get a correction by RQ and BQ." 
It will be noted that the code is so constituted that the 
half-units never occur singly, hence the code is handled 
at the same line frequency as Baudot and no undue 
demands are made of artificial line balances. Itis to be 
observed also that while the double impulses are of 
length L, the same as single impulses in Baudot, the 
recelving margin must be such that signals of length 
1.5 L can be distinguished from those of length L. 
SUPERIMPOSED CIRCUITS 


One development that has created interest among 
cable men is the Pernot system of superimposed a-c. 
signals, which has been applied to short sections of 
cable by several different companies. A short descrip- 
tion of some of the constants of the Western Union’s 
North Sydney, N.S.-Hearts Content, Nfld., installa- 
tion follows. 

The cable itself runs from Canso, N.S., to Hearts 
Content, being looped into North Sydney. On the 
d-c. side, it is balanced for duplex working at Canso 
and Hearts Content, being operated at 8.0 cycles per 
sec., (260 letters per minute, three-element recorder), 
and jointed through rotary regenerative repeaters at 
Canso with a cable going to New York, and at Hearts 
Content with a transatlantic section. The operation 
of this circuit has not been disturbed by the Pernot 
application. 

The a-c. side is operated duplex on the North Sydney- 
Hearts Content section at a speed of 5.0 cycles per sec. 
to 7.5 cycles per sec., (160 letters per min. to 240 
letters per min., three-element recorder), and joined 


9. M stands for marking, S for spacing. 
no significance except to clarify the conversion. 

10. RQs and B Qs constitute ‘service’ requests for infor- 
mation and replies thereto. 


The commas have 
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through a fork repeater at North Sydney with a New 


-York landline, and through a three-element repeater at 


Hearts Content with a landline going to Bay Roberts, 
Nfld., rotary repeater, a few miles distant. 

The a-c. side has a 50-cycles-per-sec. carrier for 
eastward transmission and an 80-cycles-per-sec. carrier 
for westward transmission. Since the primary signaling 
frequency f of the alternating current may be 5.0 
cycles per sec. to 7.5 cycles per sec., the unit signal 
impulse modulates from 5 to 8 cycles of the carrier. 

The required three values of current for three-element 
operation are provided by exciting the field of the 
alternator to zero, half, and full value, these values 
being controlled by the usual cable sending-on relays. 
At the receiving end, the received high-frequency 
signals are amplified and rectified and the envelopes of 
signals are caused to upset an impedance bridge. 
Currents of zero, half, and full magnitude are thus sent 
through the mechanically biased coil of a drum relay, 
the contact of which is adjusted to rest on ““No Man’s 
Land’”’ when the modulating current is at half value. 
Full current modulation gives a “‘dot’’ contact and zero 
modulation a ‘‘dash’’ contact. 

CONCLUSION 

Enough has been presented"! in the foregoing outline 
of the accomplishments of the post-war decade to 
indicate that at its close we are dealing with cable 
transmitting speeds of a different order of magnitude 
from those characteristic of its beginning. There has 
been a corresponding satisfactory increase in patronage 
and consequent prosperity for the cable companies, 
which may be considered in the light of a guaranty of 
further technical developments in years to come. It is 
fairly safe to predict that there will be increasing utili- 
zation of electrically repeatered landline feeders to high- 
speed ocean cable sections affording a large number of 
direct connections between the important cabling cities 
of the American and European continents. There have 
been recent announcements by the Bell System to the 
effect that we may expect further increases of cable 
speed through improvement of cable dielectric and 
armoring, making it possible to handle voice frequencies 
as well as those used for telegraphic signaling. The 
future, therefore, promises much of interest to engineers 
connected with one of the oldest and now one of the 
liveliest of the electrical arts. 
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‘High-Speed Ocean Cable. Telegraphy,’ by O. E. Buckley, 
Bell System Tech. Jl., April, 1928. 

A Non-Rotary Regenerative Telegraph Repeater, by A. F. 
Connery, A. J. E. E. Trans., Vol. XLVI, 1927, p. 897. 

“The Application of Vacuum Tube Amplifiers to Submarine 
Telegraph Cables,” by Austin M. Curtis, Bell System Tech. J1., 
Vol. VI, July, 1927. 

‘Recent Developments in Submarine Cable Design,’ by 
R. L. Hughes, J. H. EH. Jl., (uondon), Vol. 66, 1927, p. 140. 
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Behavior of Dielectrics 


A Study of the Anomalous Charging Current and the 
Variation of Dielectric Energy Loss and Capacitance with 
Frequency in Solid Dielectrics 
BY R. R. BENEDICT® 


Associate, A. I. E. E. 


Synopsis.—The paper describes a research undertaken with the 
object of throwing light on the relations between the electrical proper- 
tues of dielectrics or insulating materials, especially on the relation 
between the ‘anomalous charging current” under a direct voltage 
test and the dielectric energy loss for an impressed alternating 
voltage. 

After a review of the theory of this relationahip, the methods 
developed in this study for observing the anomalous charging current 
in condensers in the time range from 0.0007 to 0.100 sec. after 
impressing a steady potential are described. The methods used in 
observing the ‘‘normal leakage current” and the alternating energy 


loss and capacitance in the frequency range from 200 to 4000 cycles 
per sec. are also described. j 

The results of measurements by these methods on mica, glass, 
treated cloth, and paraffin paper condensers are given. These 
measurements include a series giving the effect of varying tem- 
perature on the properties of the glass and treated cloth condensers. 

Finally, the comparisons between the dielectric energy loss and — 
capacitance variation with frequency predicted on the basis of the 
d-c. anomalous charging current tests and thé variations which were 
actually observed are given. These comparisons show that a fair 
agreement exists between the predicted and observed curves. 


I. INTRODUCTION 


T has been known for some time that an intimate 
relation exists between the anomalous effects 
in dielectrics observed with a direct voltage applied 

and the phenomena of alternating dielectric energy loss 
and the variation of capacitance with frequency. The 
theoretical work of von Schweidler! gave a quantitative 
basis for the correlation of the d-c. and the a-c. phe- 
nomena. F. Tank, from his measurements of the an- 
omalous charging current of the condensers with direct 
voltage applied, was able to predict the alternating 
loss in several condensers at a frequency of 50 cycles 
per sec. It was the object of the present study to 
measure the anomalous charging current curves for a 
series of condensers with direct voltage applied and 
then to compare the predicted frequency variations of 
loss and capacitance of the same condensers with the 
variations which were experimentally determined. 


II. THEORETICAL DISCUSSION 


The Anomalous Charging Current of a Condenser. 
Suppose a condenser (having a solid dielectric such as 
glass, paraffin, or rubber) is connected by a circuit of 
low resistance and inductance to a source of constant 
voltage H: A “normal charge” will then flow into the 
condenser, giving rise to the transient normal charging 


*Instructor in Electrical Engineering, University of Wisconsin, 
Madison, Wis. 

1. For references see the complete paper. 

+See extended bibliographies of E. von Schweidler,* E. H. 
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tSee the thorough discussion of these theories by J. B. 
Whitehead.’ 
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current which rapidly approaches zero. If the con- 
denser has a solid dielectric, an additional current is 
superimposed on the normal charging current. This 
additional current is considered to have two com- 
ponents, the normal conduction current and the anoma- 
lous charging current. The final leakage current after a 
sufficient time has elapsed so that this current has 
reached a steady value has been called the normal 
conduction current. The difference obtained by sub- 
tracting the sum of the normal conduction current and 
the normal charging current from the total observed 
current gives a component of current in the circuit 
which may be called the anomalous charging current. 
The anomalous charging current is closely associated 
with the anomalous effects observed in solid dielectrics, 
such as the residual voltage of condensers, the losses in 
alternating fields, and the variation of capacitance of a 
condenser with varying frequency of the alternating 
field. This anomalous’ charging current has received 
a great amount of study and in general it has been 
found to be governed by two laws. One of these laws, 
which gives the relation between the ordinates of the 
anomalous charging current curve and the steady 
voltage and the capacitance of the condenser, may be 
represented by Equation (1): 

tg = EC (t) (1) 
Here C, is the geometric capacitance of the condenser, 
and © (t) gives the time variation of the anomalous 
charging current. 

The second law governing the anomalous charging 
current curves is the principle of superposition, which 
may be stated as follows: the anomalous charging 
current term associated with a given increment in the 
impressed voltage is independent of the preceding 
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values of the impressed voltage. This principle has 
been generalized to give an expression which makes 
possible the calculation of the anomalous charging 
current at any time t after the application of a voltage 
- which is an arbitrary function of the time EF (7). This 
is 


> dE (r) 


in = Caf d+ 


—co 


& (t— rT) dr, (2) 


where the & function is the same as in Eq. (1). This 
formula makes possible the calculation of the dielectric 
loss accompanying an impressed alternating voltage. 

If we put in a sinusoidal voltage for the function 
E (r) in Eq. (2), then the solution of the integral will 
show that the alternating anomalous charging current 
has two components. One of these components of 
current has the same effect as increasing the capacitance 
of the condenser, and the other has the effect of giving 
rise to a loss of energy in the condenser. Many ex- 
perimenters have found that the function © (t) in 
Eq. (1) may be represented by the empirical relation 

PO) =p ts (3) 

When this is true, the effect of the alternating anom- 
alous charging current on the capacitance and the 
tangent of the phase difference angle ¢ as computed by 
Eq. (2) may be given by Eq. (4) and (5): 


1- 1— He, 
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Here [ is the “gamma” function. Equations (4) and 
(5) show that for the values of n between zero and one 
for which this solution holds, the apparent capacitance 
and the phase difference should decrease as the fre- 
quency increases. 

If the function & (tf) as given in Eq. (3) is put in 
Eq. (1), we obtain the following expression for the 
anomalous charging current with a steady impressed 
voltage: 

be SOG p ee (6) 
The constants 8 and n may be looked on as constants 
of the material of the condenser at the given tempera- 
ture. These constants were determined by the tests 
with a steady voltage impressed on the condenser, and 
after these constants had been determined, the ¢a- 
pacitance and phase difference were calculated by 
Eqs. (4) and (5). The results of these calculations 
were compared with the observed variations of ca- 
pacitance and frequency. 


II]. EXPERIMENTAL METHODS 


The determination of the anomalous charging current 
curves for short time intervals after the application of 
a steady potential requires the measurement of rapidly 
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varying currents of small magnitude. By means of the 
circuit and switching arrangement shown in Fig. 1, the 
trace of the anomalous charging current of condenser C, 
upon connecting it to the battery EH, is photographically 
recorded by the oscillograph vibrator V. In this 
circuit, the two switches S; and S; are opened by a 
bullet fired from the gun M. The switches S,. and S; 
are small phosphor-bronze strips which are destroyed 
by the bullet. Initially the switch S; is open and the 
switches S, and S; are closed. The first operation in 
obtaining a test of the anomalous charging current is 
the closing of switch S;. At the same time the string 
attached to the switch S, pulls the trigger on the oscillo- 
graph. Upon closing switch S,, current builds up in the 
circuit AS,;BDLFGHA. The battery voltage is, 
say, 100 volts; and the resistance R, is 2000 ohms. 
The current in the circuit has become practically 
steady after one microsecond. 

The opening of the shutter on the oscillograph causes 
the relay which triggers the gun to be energized. This 
relay is so adjusted that the bullet does not open switch 
S, until the zero lines have been traced for some dis- 
tance on the film. When the bullet opens switch S» 
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1—Circuir ror Merasuring ANOMALOUS CHARGING 
CURRENT OF CONDENSERS 


Fig. 


the shunt B DJ K is removed from the condenser C 
which is under test. The condenser C of, say, 2 x 10-° 
farads capacitance then begins to charge; and after 
0.08 mil-sec., the voltage of the condenser is within 
2 x 10-7 volts of the battery voltage and the normal 
charging current will be less than 10~° amperes. 

The bullet from the 0.22 caliber gun opens the switch 
S; at a time 0.08 mil-sec. after opening the switch S». 
When the switch S; is opened, it removes the shunt 
KJLF from the resistance R, and the anomalous 
charging current and leakage current of the condenser 
must flow through this resistance Rs, thereby setting 
up a difference of potential between the terminals K 
and F of the resistance. This difference of potential 
is proportional to the instantaneous value of the cur- 
rent, and it is impressed on the amplifier terminals 
P,Q. The output current of the amplifier is recorded 
by the oscillograph vibrator V, thus giving a record of 
the anomalous charging current plus the leakage current 
of the condenser. 

The amplifier was a three-stage so-called d-c. am- 
plifier. The values of the anomalous charging currents 
were derived from the deflections on the films by the aid 
of the calibration of the oscillograph vibrator and the 
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d-c. calibration of the amplifier. The reliability of 
this method was tested by introducing a current of 
calculable time variation in the test circuit and com- 
paring the calculated current with that derived from 
the oscillograms. 

A sample record showing two tests of the anomalous 
charging current of a condenser is shown in Fig. 5. 
From this it may be seen that the anomalous charging 
current drops very rapidly with time. A modification 
of the method described above was developed in order 
to obtain larger deflections after a time of about 8 
mil-sec. 

In addition to the measurements of the anomalous 
charging current, tests were made of the final leakage 
current and of the variation of alternating power loss 
and capacitance with frequency. The leakage currents 
were measured by the simple galvanometer method. 
A bridge method was used for the measurement of the 
alternating power loss and capacitance of the con- 
densers. Measurements were taken in the frequency 
range from 200 to 4000 cycles per second. 

The four condensers that were tested had dielectrics 
of mica, treated cloth, paraffin paper, and glass. The 
mica condenser was a commercial condenser, while the 
others were made in the laboratory. The condensers 
were mounted in a heating box which was fitted with 
automatic temperature-controlling apparatus. 


IV. RESULTS OF TESTS 


The anomalous charging current curves were obtained 
by subtracting the final leakage current from the cur- 
rents derived from the oscillograph records. The 
resulting curves were plotted to double logarithmic 
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Film 302 E = 97.0 volts Ry = 6000 ohms 
Condenser temperature = 60.0 deg. cent. 

Damping fluid temperature = 42 deg. cent. 

Frequency of timing wave = 1000 cycles per second 


5—Tersts or CoNDENSER 36 (TREATED CLorH) 


scales as shown in Fig. 11.* In this figure, the points 
obtained from the short-time method of test have been 
indicated by circles or open figures, and the results of 
the modified method of test by dots or closed figures. 
From two to five records were taken for each condenser 
at each temperature by both methods of test. The 
straight lines which are drawn in the graph are repre- 
sented by the formula 2, = kt". In nearly all cases 
the observations fall along these straight lines, and, 


*For the curves for glass, mica, and paraffin paper see com- 


plete paper. 
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therefore the anomalous charging current may be 
represented by Eq. (6): 

toa Cabin (6) 
The constants 6 and n were determined from the straight 
lines in Fig. 11. The values of Cy needed in order to 
determine these constants were obtained by a method of 
successive approximations from the measured capaci- 
tance at 4000 cycles per second. The values of the 
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Fie. 11—Tersts or ConpENSsER 36 (TREATED CiotH) H = 99 


VOLTS 


30 deg. cent. 
40 deg. cent. 
50 deg. cent. 
60 deg. cent. 
70 deg. cent. 


Curve I condenser temperature 
Curve II condenser temperature 
Curve III condenser temperature 
Curve IV condenser temperature 
Curve V_ condenser temperature 


constants 6 and n, together with the values of Cy) and 
the relative permittivities or dielectric constants, 
are given in Table II. 


TABLE II 
RESULTS FOR CONSTANTS IN THE ANOMALOUS CHARGING 
CURRENT FORMULA, EQUATION (6) 


Constants in the anomalous charging 
current formula, Equation (6) 
Relative 
Temp. Co — 10-°® | permittivity 
Condenser | deg. cent. g n farads Py 
35-(Soda- 30 0.113 0.05 0.789 Tel 
lime 40 0.211 0.70 0.800 | Zo 
glass) 50 0.317 | 0.67 0.810 | 4.30 
60 0.396 0.69 0.804 | 7.29 
70 0.531 0.69 0.806 | f Sri E 
35 (Var- 30 0.165 | 0.75 0.448 3.82 
nished 40 0.367 0.69 0.464 3.96 
cloth) 50 0.456 0.69 0.475 | 4.05 
60 |} 0.486 0.73 0.471 | 4.02 
70 | 0.588 0.74 0.471 | 4.02 
= == a eS BS ee ae 
| 
37 (Paraffin| 30 0.00765 | 0.92 1.510 Bee 
paper) 
| 
Se eS eee a Sse eae _ : = 
0.0255 0.63 0.945 6.3 
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The results of the measurements of power factor and 
capacitance of the treated cloth test condenser are given 
in Figs. 14and17. The curves between the tangent of 
the phase difference angle (or approximately the power 
factor) and the frequency are approximately straight 
lines for treated cloth condenser 36 at the low tem- 
peratures. This shows that the relation between 
tan @ and the frequency may be represented by an 
equation of the form of Eq. (5) if the normal conduction 
loss is small. The proportion of the normal conduction 
loss based on the ultimate leakage current measure- 
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Fie. 14—Comparison oF MerasurRED AND CALCULATED 
Power Factor VARIATION WITH FREQUENCY FOR CONDENSER 
36 (TREATED CLOTH) 


—o— Measured 
----- Calculated on the basis of the measured anomalous charging 
current 


ments to the total measured loss was computed for a 
frequency of 200 cycles per sec. The percentage con- 
duction loss varied from 0.1 per cent at 30 deg. cent. to 
about 7 per cent at 70 deg. cent., and therefore this loss 
was small compared to the total loss. 

The determination of the anomalous charging cur- 
rent curves for the condensers makes possible the 
calculation of the behavior of the condenser under 
alternating electromotive force. The results for the 
constants 8 and » were used in Eqs. (4) and (5) to cal- 
culate the power factor and capacitance of the con- 
densers at different frequencies The calculated curves 
are represented by the dash lines in Figs. 14 and 17. 
In these figures, the measured values are spotted and 
represented by the full curves. 

The calculated curves, in general, are in fair agree- 
ment with the observed curves. The power-factor 
curves are in better agreement at the low-frequency end 
of the range. This may be said to be the result of the 
time range over which the anomalous charging current 
measurements were made. If the anomalous charging 
currents had been measured for shorter time intervals 
after impressing the voltage, the agreement between 


calculated and observed power factor might be expected ~ 


to be better at the higher frequencies. The measured 
value of the capacitance at 4000 cycles per sec. was 
used as a basis for computing the geometric capacitance 
Co, and therefore was also the basis for the predicted 
curves in Fig. 17. 
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V. CONCLUSIONS 


These experiments show that for the dielectrics 

studied the empirical equation 

= H Ge B ue (6) 
is a good approximation for the anomalous charging 
current in the time range studied; namely, for the inter- 
val from 0.7 to 100 mil-sec. after impressing the charging 
electromotive force. In this formula the constants 6 
and 7 are constants of the dielectric which depend, how- 
ever, on its temperature, moisture content, impurities, 
previous preparation, etc. 

The tests at elevated temperatures on the glass and 
treated cloth condensers showed that the value of n 
remains nearly constant as the temperature is increased, 
while the value of 6 increases rapidly. 

The alternating anomalous charging current as com- 
puted from the @¢- function derived from the d-c. 
measurements is sufficient to account for the major 
portion of the losses at low frequency in the solid di- 
electrics studied. For these dielectrics, the computed 
loss based on the normal leakage current varied from 
less than one-half of one per cent of the total measured 
loss at a temperature of 30 deg. cent. to a maximum 
of about 7 per cent at 70 deg. cent. These values were 
computed at a frequency of 200 cycles per second. 

The capacitance variation with frequency as com- 
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CAPACITANCE VARIATION WITH FREQUENCY FOR CONDENSER 
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puted on the basis of the measured anomalous charging 
current is in fair agreement with the measured variation 
in the frequency range studied. 
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Double Windings for Turbine Alternators 
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Synopsis.—Large turbine alternators with two similar inde- 
pendent armature windings to permit the electrical segregation of 
bus sections in large stations without loss of synchronizing power 
have recently been proposed. Several such generators have been 


installed or are under construction, and it now seems that they will 
A steam turbine-driven alternators is the use of 

two electrically independent similar armature 
windings. By loading the windings independently, 
the advantages of a higher generator reactance, and 
hence, lower fault currents, are obtained, while yet 
retaining adequate synchronizing power. Also, by 
connecting the windings to adjacent sections of a sec- 
tionalized ring bus, the sections will be effectively 
separated by a high ‘‘through”’ reactance, thus limit- 
ing the current flow on faults while still permitting, 
by virtue of the transformer action between the two 
windings, power flow between sections. 

These characteristics mean the elimination of bus 
reactors and a reduction in the required circuit breaker 
capacity, so that the double-winding generator is 
likely to be extensively utilized in large stations of the 
future. 

The first unit of this type to be installed is the 
60-cycle, 83,333-kv-a., 13,800-volt generator, which, 
since the latter part of September 1929, has been in 
operation in the Cahokia Station of the Union Electric 
Light and Power Company at St. Louis. The sec- 
ond is the 25-cycle 160,000-kv-a. unity-power-factor 
11,400-volt generator of the New York Edison Com- 
pany, which was placed in service early in October. 
Several others are now under construction. 

Multiple circuit armatures have been commonly used 
for many years to reduce the currents individual con- 
ductors are required to carry, but since any inequality 
of circuit currents normally gives rise to an irregular 
flux distribution, causing extra power losses and abnor- 
mal mechanical stresses their circuits were not suitable 
for independent loading. Only two types of winding 
are considered suitable for the purposes mentioned 
above; the alternate slot type, (shown in Fig. 2), and 
the split belt type (Fig. 3). In the former, the two 
independently loaded circuits lie in alternate slots 
with no two coil sides of different circuits lying in the 
same slot. In the latter, each phase belt of a single- 


I. INTRODUCTION 
VERY recent development in the design of large 
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and 


become of paramount importance in very large future stations. 
This paper explains the theory and design limitations of these 
double-winding generators, and describes their application in sys- 


tems having different types of bus connections. 
* * * * * 


winding machine is divided into two approximately 
equal portions, of which one is assigned to each circuit; 
and the sequence of half belts in each circuit is so 
selected as to give perfect circuit and phase balance 
while minimizing the number of slots carrying coil 
sides of different circuits. Either type of winding can 
be loaded unequally up to the limit allowed by arma- 
ture heating without important disturbance of the 
symmetry of the magnetic fields and without introduc- 
ing unusual stray losses or mechanical forces. 

The alternate slot type gives perfect magnetic sym- 
metry with unequal loading but has its transfer re- 
actance considerably reduced by saturation under 
excessive fault currents. The reactance of the split 
belt type is less affected by saturation but this winding 


Fig. 2—Scuematic DiaGRaM or ALTERNATE SLOT DOoOUBLE- 
WINDING GENERATOR 


Fractional pitch, one-phase per pole indicated for each winding 


gives an appreciable dissymmetry of the magnetic 
field and slight extra losses with unequal loading. The 
latter type is recommended for general use as it enables 
the minimum of reactor capacity to be used with no 
real sacrifice in performance. The two machines 
mentioned above, however, have alternate slot windings. 

The alternate pole type of winding is distinctly 
desirable, as it gives low “through” slot reactance, 
unless approximately two thirds pitch is used and it 
gives large stray losses with unequal loading. Also, 
the magnetic forces on the end windings during a short 
circuit are much greater than with the two types of 
winding. 

Tests on an alternate slot-wound 350-hp. synchronous 
motor showed no appreciably greater loss with one 
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than with both windings for the same total current, 
though curve a of Fig. 13 shows an appreciable increase 
for the similarly wound model generator. This indi- 
cation that the same type of dissymmetry causes 
greater losses with the solid steel rotor construction 
than with the laminated pole and copper squirrel-cage 
construction is confirmed by comparing curves d and ¢ 
for alternate-pole wound machines of these types. 

In the alternate-pole winding, when one winding 
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Fia. 3—Scuematic Diagram oF Spuir PHase Bett Dovusie- 
WINDING GENERATOR 


Fractional pitch, one-phase per pole indicated for each winding 


alone carries current, the end leakage flux is bunched 
in alternate-pole pitches, creating not only local con- 
centration of flux in the armature shields and flanges, 
but also eddy currents in the rotor retaining rings. 
This is the principal reason for the high losses shown by 
curve d. 

Since these are both attracted by the remainder of 


Relative Stray Losses of Different Types 
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the phase belt and repelled by the out-of-phase current 
in the adjacent phase belt the magnetic forces on the 
end windings are greatest on the end conductors of 
phase belts. In practise, it?may be expected that any 
double-winding machine with a fault on one winding 
only will deliver about 0.7 as much instantaneous cur- 
rent as the corresponding single winding machine, so 
the proper comparison of maximum forces is made by 
taking the current in the double winding machine as 0.7 
that in the single winding machine. On this basis, the 
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relative forces to which the end windings are subjected 
in practise for the single-circuit alternate-pole alternate- 
slot, and split-belt windings are about in the ratios of 
1 to 1.9 to 0.8 to 1.2, respectively. The split-belt 
winding is satisfactory from this point of view, while 
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Fia. 14—Sranparp Ringe Bus System. Case I 


the alternate-pole winding is definitely inferior to the 
other types. 
II. APPLICATIONS OF DOUBLE WINDING GENERATORS 


The advantages resulting from the use of double- 
winding generators in large stations may best be shown 
by comparing the fault currents and the amount of 
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Fig. 15—Mopirrep Rine Bus SystTEM WITH STANDARD 
Generators. Case II 


protective equipment required with the usual systems 
of bus connections, using single and double winding 
generators. Five arrangements will be considered: 
1. Thestandard ring bus with bus reactors (Fig. 14). 
2. Aring bus with generator reactors, utilized also as 
bus reactors, with single winding generators (Fig. 15). 
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3. A ring bus with double-winding generators, 
using alternate-slot arrangement of windings (Fig. 16). 

3A. A ring bus with double-winding generators, 
using split-belt arrangement of windings (Fig. 16). 
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TABULATION FOR A THREE-PHASE FAULT ON THE BUS IN TYPES OF STATIONS AS SHOWN IN OASES I TO V, FIGS. 14 TO 18 
OF THE COMPLETE PAPER 


All Breakers and Reactors as Listed per Generator are for Double Bus Generators Rated ATB-4-150,000 Kv-a.-1800-13,800-V olts 
0.85 Power Factor-6280 Amperes 


Case I Case II Case III Case IITA Case IV Case V 
n Fig. 14 Fig. 15 Fig. 16 Fig. 16 Fig. 17 Fig. 18 
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Preferred arrangement, limiting all breakers and reactors to 4000- 
AIMPOLelTa lil eer meen :s |: . Re ee he ee ee 
Nowor breakers TEquired's.:ccce Gmc restos we ee es 16 12 6 6 12 10 
INOmofsreactors Tequired:). 4 cv... Merrwar pisicuee eters eine ee es ek 6 4 2 2) 4 4 
imigiofkvea wtranster alongs Dus ws ceiieeaas tase eee 5: 95,000 20,000 15,000 15,000 
INOnofibreakers: pore eneratovaec soko so ossGs2 oc wee sek bars 10 6 6 6 
PATHPELEsPatin es Ol DLCAKELS gra ieee seit e haat le FIR okisaiitanc 4,000 4,000 4,000 4,000 
INO WOL TEACUOLS TECUILEG:...csaeae nmin Hey ie ck ei eed has 4 2 2 2 
Ampere: ravingsOf ToaCtOrss serene ee cients weer es 4,000 4,000 4,000 4,000 
Instantaneous symmetrical kv-a. to fault ...................00- 2,470,000 1,660,000 1,370,000 1,216,000 1,900,000 1,200,000 
Sustamed kKvaactO; cal bn.4 meee eel mney eras os rus 985,000 780,000 580,000 560,000 830,000 660,000 
Instantaneous r. m. s. symmetrical amperes.................... 103,000 69,500 57,000 51,000 79,500 50,000 
Sustained fault amperes tose ceo Sea See chores cs aes 41,200 32,600 24,300 23,500 34,800 37,700 
Percentage instantaneous voltage on faulted bus............... (0) (6) (0) 0 0 10) 
Percentage instantaneous voltage on bus next to fault .......... 51 71 89 92 78 ~ 88 
Percentage instantaneous voltage on 2nd bus from fault... ...... 74 91 99 99 
Percentage instantaneous voltage on 3rd bus from fault ......... 80 96 99 99 
Percentage instantaneous voltage on synchronizing bus......... 65 80 
Percentage sustained voltage on faulted bus.... ............... (0) (0) (0) 0 0 0 
Percentage sustained voltage on bus next to fault... ............ 25 40 54 58 48 60 
Percentage sustained voltage on 2nd bus from fault............ 39 59 79 81 
Percentage sustained voltage on 3rd bus from fault......... 43 65 86 87 
Percentage sustained voltage on synchronizing bus............. 40 54 
Instantaneous sym. kvy-a. to synchronizing bus fault............ 3,420,000 3,420,000 
Sustained kv-a. to synchronizing bus fault..................... 1,200,000 1,200,000 
Instantaneous r. m. s. sym. amps. to synchronizing bus fault. .... 143,000 143,000 
Sustained r.m.s. sym. amps. to synchronizing bus fault..... aes. 50,000 50,000 
4. A star bus with single-winding generators. tion and give adequate protection. Accordingly, 


5. A star bus with double-winding generators using 
split-belt arrangement of windings. 

All the system diagrams shown are simplified by 
showing only a single bus, although a double bus ar- 
rangement is standard in the United States. The 
characteristics of the five systems using 150,000-kv-a. 
13,800-volt generators are compared in the accompany- 
ing tabulation, the per unit subtransient reactance of 
the two windings in parallel being taken as 0.118, of 
which 0.043 is mutual for the alternate-slot case. In 
making the calculations for this comparison, the double 
bus was used throughout, and it was assumed in all 
cases that there were no external power ties to the 
system, although it is usual for several stations to be 
interconnected. This assumption makes the advan- 
tages shown for the double-winding generator appear 
less than they really are, as any additional current 
supplied to a fault by the connected stations increases 
the importance of any means of limiting the current 
supplied by the station itself. Generator reactors, or 
their equivalent, have been used in all cases, in order to 
secure the advantages of a higher bus voltage and lower 
fault currents during faults in the generators them- 
selves, or their connecting cables, and to reduce the 
currents supplied by the generators to external faults. 

The important characteristics which affect the choice 
of generator and bus connections are the magnitudes of 
the fault currents, and the numbers and sizes of circuit 
breakers and reactors required to permit flexible opera- 


these quantities have been calculated for each of the 
five systems, and are shown in the table. The first five 
lines of the table were compiled on the basis of unlimited 
ampere capacity of the circuit breakers. The 6300- 
ampere breakers required in three of the systems are 
larger than desirable, however, as most operating 
companies prefer to use 4000-ampere breakers, or 
smaller if possible, and as the manufacturers prefer to 
limit the sizes to their present developed lines. The 
largest breakers so far built by the General Electric 
Company are for the double tank per phase type, 
6000 amperes, and for the single tank per phase type, 
5000 amperes. The limit of interrupting duty for oil 
circuit breakers at present is about 2,000,000 kv-a. 
While larger breakers can be developed, their cost will 
be high, and so it is of considerahle economicimportance 
to keep the present standard sizes. 

For this reason, the remainder of the table has been 
compiled on the basis of 4000-ampere breakers being 
used throughout. This considerably reduces the maxi- 
mum ky-a. that can be transferred along the bus for 
eases I and II, as indicated by the eighth line of the 
table, unless additional breakers operated in parallel 
are employed, as shown by lines 6 and 7. 


III. CONCLUSIONS AND ACKNOWLEDGMENTS 


Consideration of the data presented in the paper leads 
to these conclusions. 
1. The double winding generator can conveniently 
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be applied in large power stations, using any of the usual 
systems of bus connections, with resulting large ad- 
vantages in reduced cost of equipment, lower fault 
currents, and more effective isolation of faults. 

2. The best type of double winding for ordinary 
purposes is the split belt design, shown in Fig. 3. When 
ample generator reactor capacity is installed, however, 
the alternate slot type of winding may be preferable, 
due to its slightly lower stray losses, and less end wind- 
ing magnetic forces with unequal loadings. 

3. The principal limitations of the double winding 
generator, due to its low capacity for transfer of power 
along the bus, and the saturation of its ‘“through”’ 
reactance, when excessive currents are transferred under 
fault conditions, are not usually of great importance. 
The former may generally be overcome by means of a 
balancing transformer, and the latter by the use of a 
reasonable amount of generator reactor capacity. 

4. It is, therefore probable that the double winding 
generator will become the standard for future power 
stations, where units of very large size (over 100,000 
kv-a.) are installed. 

The authors acknowledge the material assistance 
rendered them by Mr. T. F. Barton, whose original 
thought led to the developments described, Messrs. 
R. H. Park and D. H. Harms, who contributed many 
helpful suggestions, and Mr. A. H. Wing, who managed 
most of the tests. 


ILLUMINATION ITEMS 


Submitted by 
The Committee on Production and Application of Light 


A NEW PORTABLE LIGHT INTENSITY METER 
J. L. McCoy! 


A new Light Intensity Meter has been developed to 
take advantage of the many desirable features of the 
photoelectric cell. With this meter, the intensity of the 
light at the point of test is indicated directly on a scale 
without the necessity of balancing against a standard 
comparison lamp. 

The meter is a complete unit, carried in one case. 
The light sensitive pickup is a photoelectric cell covered 
with a shield, in the side of which a window is cut to 
admit the light to be measured. The photoelectric cell 
unit is connected to the meter by a 6-ft. cord, making it 
possible to move the cell anywhere within that radius 
without moving the meter case. The instrument con- 
tains a commercial, portable microammeter which is 
calibrated directly in terms of foot-candles. The 
energy required to operate the meter is furnished by the 
smallest size of ““B’” batteries mounted in the case, and 
the current consumed is so small as to be almost negli- 
gible. The life of the batteries in service is practically 
the same as their shelf life. 

_ The photoelectric cell is somewhat similar in ap- 


1. Vacuum Device Department, Westinghouse Lamp Com- 
pany, Bloomfield, N. J. 
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pearance to a radio tube and contains two essential 
parts,—an anode and a cathode. It is the cathode 
coated with light sensitive material that gives the tube 
its characteristics. Thereis a number of different types 
of photoelectric cells and their characteristics vary 
materially with the elements used for the cathodes. 
They can be made of different materials to respond to 


Fig. 1—Licut Intensity Meter 


The scale is calibrated in foot-candles 


different wavelengths of light. One type of cell is in use 
which responds only to light of wavelengths beyond the 
visible spectrum in the ultra violet region. 

The cell used in the Light Intensity Meter is a special 
one having a very broad response, covering the visible 
spectrum. When used in motion picture studios to 
measure the intensity of the illumination on the “‘sets,”’ 
it is found that the response curve of the cell closely 
approaches the sensitivity of panchromatic film in 
combination with the light from Mazda lamps. The 
meter thereby enables the cameraman to determine 
definitely whether the illumination is sufficient for 
good photography. Other uses for the meter are being 
developed rapidly. 


Electrical engineers appointed by the National 
Research Council recently met to discuss plans for the 
electrical part of the Chicago World’s Fair of 1933 to 
commemorate the centenary of the city and the pro- 
gress of the arts. As reported in the Electrical World, 
a “circular temple of electricity’”’ was suggested, to be 
600 ft. in diameter and divided into 32 theaters, the 
audiences being moved by mechanical means before 
as many stages, on which the important phases of 
electrical development would be shown. It is also 
planned to build large models of steam-electric and 
hydro-electric stations, including one of the State 
Line power house. 

Thirteen prominent electrical engineers attended the 
meeting, R. F. Schuchardt, chairman of the committee 
in charge, presiding. 
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The Coming Meeting at Springfield 
May 7-10 

Interesting plans are rapidly nearing completion for the 
A. I.E. E. North Eastern District Meeting No. 1, to be held 
this year at Springfield, Massachusetts, May 7-10, 1930. 

The program of technical papers will include the subjects of 
Instruments and Measurements, Transmission, Electrical Ma- 
chinery with one session on specially selected subjects. The 
inspection trips, too, will be particularly worthy of note, as 
will be shown by the program to be published in the April issue, 
in which greater detail of all features of the meeting will be given, 
including the plans for the more diversive portions of the plans. 


Scholarships in E. E. at Columbia 


Each year the governing bodies of Columbia University have 
placed at the disposal of the Institute a scholarship in Hlectrical 
Engineering in the schools of Mines, Engineering, and Chemistry 
of Columbia University, for each class. The scholarship pays 
$350 toward the annual tuition fees which vary from $340 to 
$360, according to the details of the course selected. Reappoint- 
ment of a student to the scholarship for the completion of his 
course is conditioned upon the maintenance of good standing 
in his work. 


Applicants must meet the regular admission requirements, 
and all letters of application addressed to F. L. Hutchinson, 
the National Secretary, A. J. E. E., 33 West 39th St., should 
state age of candidate, place of birth, education, reference to any 
other activities, such as athletics or working one’s way through 
college, references and photograph. The last day for filing 
applications for the year 1930-31 will be June 1, 1930. 


The course at the Columbia School of Mines, Engineering, and 
Chemistry is a three year course on a graduate basis. Candi- 
dates must have had a general education, including considerable 
work in mathematics, physics, and chemistry. Three years of 
preparatory work with special attention to the three preparatory 
subjects mentioned in a good college or scientific school should 
be sufficient. A college graduate with a B. S. degree in engi- 
neering can generally qualify to advantage. .The candidate is 
admitted on the basis of his previous collegiate record without 
undergoing special examination. Other qualifications being 
equal, members of Student Branches of the A. J. E. E. will be 
given preference. 

‘The purpose of this advanced course is to produce a high type 
of engineer, trained in the humanities as well as in the funda- 
mentalsofhisprofession. It is hoped that Enrolled Students and 
others qualified will show a keen interest in this scholarship. 


Research Graduate Assistantships 


To assist in the conduct of engineering research and to extend 
and strengthen the field of its graduate work in engineering, the 
University of Illinois maintains 14 Research Graduate Assistant- 
ships in the Engineering Experiment Station. Two other such 
assistantships have been established under the patronage of the 
Illinois Gas Association. For each of these there is an annual 
stipend of $600 and freedom from all fees except the matricula- 
tion and diploma fees. Graduates of approved American and 
foreign universities and technical schools who are prepared to 
undertake graduate study in engineering, physics, or applied 
chemistry are eligible. 


An appointment to the position of Research Graduate Assis- 
tant is made and must be accepted for two consecutive collegiate 
years of ten months each, at the expiration of which period, if all 
requirements have been met, the degree of Master of Science will 
be conferred. Half of the time of a Research Graduate Assistant 
(approximately 900 clock hours for each ten-month period) is 
required in connection with the work of the department to which 
he is-assigned, the remainder being available for graduate study. 
Additional information may be obtained by addressing the 
Director of Engineering Experiment Station, University of Illinois, 
Urbana, Illinois. 


Swiss Industries Fair 


Again this year the old historical city of Basel will open its 
gates to the Swiss Industries Fair, to be held from April 26th to 
May 6th,—a central market for Swiss production where only 
Swiss high grade goods are exhibited. Each year the number of 
exhibitors increases, amounting now to well over a thousand, 
for products divided into several groups, 7. e., chemicals and 
pharmaceutical products; watches, clocks and jewelry; applied 
arts, pottery and china; machinery and tools; fine mechanical 
and precision instruments; textile goods, clothing and outfitting; 
footwear and leather-goods; paper and paper-goods; office 
fittings and appliances; etc., ete. 


Free Information on Canada 


For the benefit of members and friends of the Institute who 
contemplate attending the Summer Convention to be held in 
Toronto, Canada, June 23-27, 1930, information on Canada’s 
recreational attractions may be had without charge from the 
Natural Resources Intelligence Service, Department of the 
Interior, at Ottawa, Canada. 


This service also issues for free distribution a series of auto- 
mobile road maps consisting of four sections, showing the high- 
ways in Canada and the northern states; namely, the Atlantic, 
Great Lakes, Middle West and Pacific Sheets. 
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Standards for Insulator Tests 

A Sectional Committee on Power Line Insulators for Voltage 
Exceeding 750, sponsored jointly by the National Electrical 
Manufacturers Association and the A. J. E. E. and organized 
in accordance with the procedure of the American Standards 
Association, has just completed the development of a proposed 
Standard for Insulator Tests and Ratings. This standard which 
is in the nature of a revision of A. I. E. E. Standard No. 41, 
‘‘Tnsulator Test Specifications,’ has had the unanimous approval 
of the Sectional Committee and is now before the joint sponsors 
for action. 

Electric Mine Locomotive Control Apparatus 

Under date of December 18, 1929 the appointment of a joint 
sponsorship to develop American Standards for Electric Mine 
Locomotive Control Apparatus was approved. ‘The sponsors 
designated are the National Electrical Manufacturers Associa- 
tion, the American Mining Congress and the A. J. E. KE. The 
scope of the project as set up by American Standards Associa- 
tion will be as follows: Definitions, classifications, rating, 
methods of test for electric mine locomotive control apparatus. 
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The 1930 Winter Convention 


MARKED BY HIGH QUALITY PAPERS, INCREASED ATTENDANCE AT 
SESSIONS AND EXCELLENT ENTERTAINMENT FEATURES 


The Winter Conventions of the A. I. EK. E. have constantly 
increased in importance as forums where current technical 
electrical engineering problems are presented and discussed, 
and the 1930 Convention fully maintained the prestige of these 
annual gatherings. 

The total attendance was greater than that of last year, but 
the interest in the work of the convention is measured more ac- 
curately by the attendance at the technical sessions than by the 
total number registered, and the convention just closed was 
notable for the unusually large attendance and sustained interest 
at all the technical sessions. 

The smoker and the dinner-dance, the two principal entertain- 
ment features were highly enjoyable affairs and were well at- 
tended, as were the. various inspection trips to points of engi- 
neering interest. There were 130 ladies registered for whom a 
special program of entertainment was prepared, including visits 
to points of interest, shopping trips, bridge parties, afternoon 
teas, etc. These were all well attended and highly appreciated. 


The chief objective of the Winter Convention, however, is the 
technical program, and fifty papers were presented and dis- 
cussed in ten technical sessions, The papers covered a wide 
field of endeavor and included subjects of interest to the de- 
signer and operator of electric machinery as well as the research 
worker and abstract theorist. The vigorous discussions testified 
to the general interest with which the papers were received. 


Monday, January 27 
ProtectivE DEVICES 


The opening session, at 2:00 o’clock, was called to order by 
President H. B. Smith, who said that the calling of a great 
national convention meant not only the presentation of an 
accumulation of technical information to the membership of the 
Institute, but what is a more important feature, the strengthen- 
ing and stimulating of acquaintanceships. He introduced Mr. 
A. E. Knowlton, Chairman of the Meetings and Papers Commit- 
tee, who explained that the activities of the technical committees 
form a very good index of the interest and timeliness of engineer- 
ing subjects and that the program had been chosen practically 
upon that basis, from a superabundance of papers nearly always 
on hand. 


Chairman E. A. Hester, of the Protective Devices Committee, 
then took the chair and called for the presentation of the papers 
scheduled for this session which consisted of two groups; the first 
by Messrs. Slepian, Tanberg, and Kraus on Development of a New 
Autovalve Lightning Arrester, and the other by Mr. McKachron 
on A New Metal for Lightning Arresters. 

The second group on oil circuit breakers included Metal-Clad 
Switchgear at State Line Station by Mr. Rossman, and Extinction 
of a Long A-C. Arc by Dr. Slepian, the latter showing the applica- 
tion of the deion principle to high-voltage oil breakers. The 
final paper, covering the practical application of this principle, 
was Use of Oil in Arc Rupturing by Messrs. Baker and Wilcox. 

Utrra Viotnt RADIATION 

The evening session at 8:15 o’clock was a joint meeting with the 
Illuminating Engineering Society. Mr. G. S. Merrill called the 
meeting to order and nominated as presiding officer Mr. P. S. 
Millar who had rendered notable service to both organizations. 
The subject of the session, ultra violet rays, has assumed con- 
siderable importance in industry, in hygiene and in therapeutics 
during recent years. A variety of ultra violet radiators are now 
available, the latest development of which was described in the 
paper by Dr. Luckiesh entitled Simulating Sunlight. The next 


paper, dealing with the measurement of ultra violet radiation was 
presented by Dr. H. C. Rentschler, on An Ultra Violet Light 
Meter. 


Tuesday, January 28 
Power System PLANNING 


This session, sponsored by the Committee on Power Genera- 
tion, convened at 10 o’clock, with Mr. F. A. Allner, Chairman of 
the committee, presiding. The methods of planning for future 
erowth in the Chicago, Detroit, and Philadelphia districts were 
described in three of the papers, and the other two related to 
operating problems; the effect of turbine governors on system 
stability, and the use of phase-shifting equipment for adjusting 
out-of-phase points of a connected network. The titles of these 
papers, which the disecussors agreed were valuable contributions, 
were as follows: . 


System Connections and Interconnections in Chicago District, 
by G. M. Armbrust and T. G. LeClair; Fundamental Plan of 
Power Supply in the Detroit District, by S. M. Dean; Fundamental 
Plan of Power Supply in the Philadelphia Area, by Raymond 
Bailey; Operating Characteristics of Turbine Governors, by 'T. C. 
Purcell and A. P. Hayward; and Controlling Power Flow with 
Phase-Shifting Equipment, by W. J. Lyman. 

SELECTED SUBJECTS 


The afternoon session was under the auspices of the Committee 
on Research and Mr. 8. M. Kintner, Chairman of that committee, 
presided. The first paper by Dr. A. HE. Kennelly on The Units of 
the Magnetic Circuit drew attention to some inconsistencies in the 
present magnetic units and proposed some revisions which were 
indorsed in several communicated and verbal discussions. The 
next two papers, on The Calculation of Induced Voltages in 
Metallic Conductors, by H. B. Dwight, and Induced Voltages of 
Electrical Machines, by L. V. Bewley, considered the theory of 
induced voltages in conductors and windings. The last paper of 
the session, by Mr. O. Ackermann, described A Cathode Ray 
Oscillograph with Norinder Relay which is self-starting on the 
impulse of the recorded surge. Considerable discussion ensued 
as to the most convenient type of apparatus for recording surges. 


THE SMOKER 


On Tuesday evening the annual dinner-smoker was held 
and proved a most popular and enjoyable affair which filled the 
Auditorium to capacity. An excellent buffet dinner was served 
by Louis Sherry in the fifth floor assembly rooms, and the interim 
between the dinner and the entertainment beginning at 
8:15 p. m. was devoted to a series of moving pictures shown in the 
Auditorium. Mr. H. A. Kidder then introduced Mr. Phillips 
Carlin, the well-known radio announcer, who acted as Master of 
Ceremonies. ‘There were six entertainment numbers presented 
through the courtesy of the Radio Corporation of America, 
General Cable Co., National Broadcasting Co., American Steel 
and Wire Co., Pathé Exchange, Inc., and others. Mr. Carlin’s 
introductions and remarks and the excellent performances of the 
artists resulted in a most enjoyable evening punctuated with 
frequent laughter and applause. 


Wednesday, January 29 

LigHTNING INVESTIGATIONS 
Under the auspices of the Committee on Power Transmission 
and Distribution, eight papers on lightning investigations were 
presented and discussed at the session on Wednesday morning, 
with Mr. H. R. Woodrow, Chairman of the committee, in the 
chair, These papers represent a concerted attack on the part of 
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various manufacturers and central station companies during 1929 
toLinvestigate the nature of lightning and method of protecting 
transmission lines from lightning surges. The papers were as 
follows: 

Lightning on Transmission Lines, by J. H. Cox and Edward 
Beck; Surge Characteristics of Insulators and Gaps, by J. J. Torok; 
Lightning Investigations on Lines of Public Service Electric & Gas 
Co., by R. N. Conwell and C. L. Fortescue; Lightning Voltages 
on Transmission Lines, by R. H. George and J. R. Eaton; 
Traveling Waves on Transmission Lines with Artificial Lightning 
Surges, by K. B. McEKachron, W. J. Rudge, and J. G. Hemstreet; 
Lightning Investigation on 220-Kv. System of Pennsylvania Power 
and Light Co., by Nicholas N. Smeloff and A. L. Price; Lightning 
Investigation on Ohio Power Co’s. 1382-Kv. System, by Philip Sporn 
and W. L. Lloyd, Jr.; Lightning Investigation on Transmission 
Lines, by W. W. Lewis and C. M. Foust. 

The discussion of these papers was thorough and prolonged and 
extended into a special session on Thursday morning. 


INSPECTION TRIPS 


Wednesday afternoon was set apart for visits to places of 
- engineering interest and no technical session was scheduled for 
this period. The six special trips listed for Wednesday afternoon 
were as follows: 

1. Roseland Switching Station, Public Service Electric and 
Gas Company. 2. Aeroplane Factory, Fokker Aircraft Cor- 
poration, Passaic and Teterboro, New Jersey. 3. Demonstra- 
tion of latest equipment at the Bell Telephone Laboratories. 
4. The Sperry Gyroscope Corporation and Air Map Corporation 
of America, Brooklyn. 5. Short-Wave Transatlantic Radio 
Transmitting Station of American Telephone and Telegraph 
Company, at Lawrenceville, New Jersey. 6. Transatlantic 
Cable Terminal, International Telephone and Telegraph Com- 
pany, 67 Broad Street, New York, N. Y. 

The above trips were restricted to Wednesday afternoon and 
were very largely patronized. In addition to these, there were 
ten other inspection trips to central stations and engineering 
works which were visited daily during the convention at specified 
hours. Tickets were issued without charge for all inspection 
trips, and for many of the trips, free transportation from head- 
quarters was furnished. 

Directors Mrrrine 


A meeting of the Board of Directors of the A. I. E. E. was held 
at 1:30 p. m. at Institute headquarters. A résumé of the busi- 
ness transacted at this meeting will be found elsewhere in this 
issue of the JOURNAL. 

Epison Mrpat PRESENTATION 

The presentation of the Edison Medal to Charles F’. Scott was 
made in the Engineering Auditoriumat8:30 p.m. Theceremony 
included an address by Past-President L. B. Stillwell, the presen- 
tation of the Medal by President H. B. Smith, and the response 
of the medallist, Charles F. Scott. A detailed account of the 
ceremony is printed elsewhere in this issue of the JoURNAL. 

LECTURE 

A brief recess was taken at the close of the Edison Medal 
presentation, following which Dr. David M. Robinson delivered 
a lecture on ‘‘Discovery and Exeavation at Olynthos.” 


Thursday, January 30 
TRANSOCEANIC COMMUNICATION 


The session on Transoceanie Communication was held Thurs- 
day morning at 10:00 o’clock under the auspices of the Committee 
on Communication, with Mr. H. 8. Osborne, Vice-Chairman of 
the committee in the chair. Mr. Osborne spoke briefly concern- 
ing the change that transoceanic telephony has wrought in the 
relations between nations and the reaction upon human life—a 
change that we have probably only begun to realize at the present 
time. He then called for the presentation of the papers which 
were entitled, 
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Submarine Telegraphy in the Post-War Decade, by I. S. 
Coggeshall; Transoceanic Telephone Service—General Aspects, by 
T. G. Miller; Transoceanic Telephone Service—Short-Wave 
Transmission, by Ralph Bown; Transoceanic Telephone Service— 
Short-Wave Equipment, by A. A. Oswald; Transoceanic Telephone 
Service—Short-W ave Stations, by F. A. Cowan. 

It was brought out that from any part of the United States or 
Canada it is now possible to communicate with about 85 per cent 
of all the telephones in the world. When the remaining con- 
nections are made, there will still ba other problems to be solved, 
not all of an engineering nature. Certain limitations are im- 
posed by the difference in time of distant places and also by 
difference in languages. ° 


WELDING 


Two sessions were held in parallel Thursday afternoon, Session 
A on Welding and Session B on Dielectrics. The session on 
welding was called to order at 2:00 o’clock by Chairman A. M. 
Candy, of the Committee on Electric Welding. Five papers 
were presented covering both theoretical and practical aspects of 
electric welding, the titles being as follows: 

Cathode Energy of the Iron Arc, by G. E. Doan; Calorimetric 
Study of the Arc, by P. P. Alexander; Resistance Welding, by 
B. T. Mottinger; Electrically Welded Structures under Dynamic 
Stress, by Morris Stone and J. G..Ritter; Electric Welding by 
Carbon Arc, by J. C. Lincoln. 

Much of the discussion hinged upon the various phenomena 
that take place in the electric are, and it was felt that while such 
investigations are still very incomplete their ultimate solution 
may lead to radical improvements in the practical art of welding. 


DIELECTRICS 


Session B on Dielectrics was held in the Auditorium at 2:00 
o’elock. With Mr. O. E. Buckley, Chairman of the Committee on 
Electrophysies presiding. As pointed out by the chairman, the 
five papers all came from universities where research work is 
being carried on under the direction of the authors. The papers 
were entitled as follows: 

Conductivity of Insulating Oils, by J. B. Whitehead and R. H. 
Marvin; Behavior of Dielectrics, by R. R. Benedict; Three 
Regions of Dielectric Breakdown, by P. H. Moon and A. S. 
Noreross; Jonization Studies in Paper-Insulated Cables—III, by 
C. L. Dawes and P. H. Humphries; High-Voltage Corona in Air, 
by S. K. Waldorf. 

Both the papers and discussion disclosed the most recent re- 
search in the field of dielectric phenomena in air, oil, and paper 
insulation. 

DINNER-DANCE 


The annual Winter Convention dinner-dance has grown in 
popularity and attendance with each succeeding year until it has 
become the major social event of the Institute. It was held this 
year in the Grand Ballroom of the Hotel Astor at 7:30 o’clock 
Thursday evening. About 750 members and guests attended 
and after the tables were cleared away a most enjoyable evening 
of dancing followed to the excellent dance musie of the ‘‘Venetian 
Gondoliers.”’ 


Friday, January 31 
Evecrricat MacHiInery 


The final day of the Convention was devoted to two sessions 
under the auspices of the Committee on Electrical Machinery. 
The morning session, under the chairmanship of Mr. P. L. Alger, 
was convened at 10:00 o’cloek and all of the papers for this session 
dealt with operating problems. The titles of the papers follow: 

Loading Transformers by Temperature, by V. M. Montsinger; 
Operating Transformers by Temperature, by W. M. Dann; Tap 
Changing Under Load for Voltage and Phase-Angle Control, by 
H. B. West; Telephone Interference from A-C. Generators Feeding 
Directly on Line with Neutral Grounded, by J. J. Smith; Inversion 
Currents and Voltages in Autotransformers, by A. Boyajian. 
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The afternoon session on the same general subject was opened 
at 2:00 o’clock, Mr. P. L. Alger presiding. The afternoon pro- 
gram was devoted entirely to papers on design problems, the titles 
of which are as follows: 

Generalized Theory of Electrical Machinery, by Gabriel Kron; 
Quiet Induction Motors, by L. E. Hildebrand; Transient Torque- 
Angle Characteristics of Synchronous Machines, by W. V. Lyon 
and H. E. Edgerton; Starting Performance of Salient-Pole 
Synchronous Motors, by T. M. Linville; Ventilation of Revolving- 
Field Salient-Pole Alternators, by C. J. Fechheimer; Synchronous 
Machines, V, (Three-Phase Short Circuit), by R. E. Doherty and 
C. A. Nickle. 

The last paper of the session was presented by title only and 
was not discussed at the meeting. The other papers called forth 
very complete discussions which were so voluminous that no 
attempt has been made to summarize them here. They will be 
printed in full in subsequent issues of the QuarTERLY 
TRANSACTIONS. 

The session on Friday afternoon brought to a conclusion what 
was from both a social and a technical standpoint a most enjoy- 
able and profitable convention. 


Much of the success of the convention is due to the excellent 
work of the committees in charge of the arrangements, including 
the General Committee, H. P. Charlesworth, Chairman; Enter- 
tainment Committee, J. B. Bassett, Chairman; Smoker Com- 
mittee, G. J. Read, Chairman; Inspection Trip Committee, 
F. Zogbaum, Chairman; Dinner-Dance Committee, C. R. Jones, 
Chairman; Ladies Committee, Mrs. G. L. Knight, Chairman. 


A. I. E. E. Directors Meeting 


The regular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at Institute headquar- 
ters, New York, on Wednesday, January 29, 1930. 


There were present: President Harold B. Smith, Worcester, 
Mass.; Past Presidents Bancroft Gherardi, New York, N. Y., 
and R. F. Schuchardt, Chicago, Ill:; Vice-Presidents E. B. 
Merriam, Schenectady, N. Y.; H. A. Kidder, New York, N. Y.; 
B. D. Hull, Dallas, Tex.; Herbert S. Evans, Boulder, Colo.; 
W.S. Rodman, University, Va.; E. C. Stone, Pittsburgh, Pa.; 
and C. E. Sisson, Toronto, Canada; Directors I. E. Moultrop, 
Boston, Mass.; H. C. Don Carlos, Toronto, Canada; F. J. 
Chesterman, Philadelphia, Pa.; F. C. Hanker, East Pittsburgh, 
Pa.; HE. B. Meyer, Newark, N. J.; J. Allen Johnson, Buffalo, 
N. Y.; A. M. MacCutcheon, Cleveland, Ohio; W. S. Lee, Char- 
lotte, N. C.; J. E. Kearns, Chicago, Ill.; C. E. Stephens, New 
York, N. Y.; National Secretary F. L. Hutchinson, New York, 
NESY: 


The following minute was adopted in memory of the late Dr. 
S. Z. de Ferranti, Honorary Member of the A. I. HE. E.: 


The Board of Directors of the American Institute of Hlec- 
trical Engineers desires to record in its minutes a tribute to 
the memory of Dr. Sebastian Ziani de Ferranti, a member of 
the Institute since 1903 and Honorary Member since 1912, 
who died on January 13, 1930. 

Dr. de Ferranti, a man of delightful personality, was an out- 

standing pioneer in engineering, having begun work in this 
field at the age of about thirteen, and made important develop- 
ments in several types of elec trical equipment while very young. 
He was one of the first to propose high-voltage transmission of 
power, and his achievements in the development of the neces- 
sary equipment, as well as other electrical apparatus, are widely 
known and appreciated. During his entire career of continual 
effort and accomplishment, he exhibited marked ability as an 
inventor, a designer, and a manufacturer, which won ‘him an 
international reputation. 
» It is, therefore, with a sincere appreciation of the great loss 
sustained by the engineering profession and the Institute that 
the Board of Directors hereby extends deepest sympathy to 
his family and associates. 


A report was presented of a meeting of the Board of Examiners 
held December 11, 1929, and the actions taken at that meeting 
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were approved. Upon the recommendation of the Board of 
Examiners, the following actions were taken: 807 Students were 
enrolled; 257 applicants were elected to the grade of Associate; 
13 applicants were elected to the grade of Member; one appli- 
cant was elected to the grade of Fellow; 21 applicants were 
transferred to the grade of Member; and three applicants were 
transferred to the grade of Fellow. 

The Board ratified approval by the Finance Committee for 
payment, of monthly bills amounting to $28,377.24. 

As required by the By-laws, a resolution was adopted specify- 
ing the date and location of the 1930 Annual Meeting of the 
Institute, namely, Monday, June 23, at Toronto, Ontario, 
during the Annual Summer Convention of the Institute. 

Approval was given to the dates, October 13-15, 1930, selected 
by the officers of the Philadelphia Section and of the Middle 
Eastern District for the already authorized District meeting 
at Philadelphia. 

By-law 58 was amended by the addition of the following 
paragraph: 

“The Board of Directors may at any time terminate the 

existence of any Student Branch when in its judgment the 
interests of the Institute make such action desirable.” 
This amendment was made because the Constitution provides 
that Sections and Branches may be discontinued by action of 
the Board of Directors as provided in the By-laws, and the By- 
laws formerly provided for the termination of the existence of 
Sections but not of Student Branches. 

Approval was given to amendments to the By-laws (Secs. 1, 
3, and 4 of Article VI) of the Lamme Medal Committee, chang- 
ing the time for the receipt of nominations and for the considera- 
tion of the achievements of the candidates. 

Mr. Renzo Norsa, Managing Director, Compagnia Generale 
di Elettricita, Milan, was appointed Local Honorary Secretary 
of the Institute for Italy, to sueceed Guido Semenza, deceased. 

It was voted to establish with the South African Institute of 
Electrical Engineers, reciprocal arrangements for the exchange 
of membership privileges for visiting members, similar to the 
arrangements that have been made in the past with other foreign 
engineering societies. 

The Annual Report of the President of the U. S. National 
Committee of the International Commission on IJ]lumination 
was received, and payment was authorized of the 1930 subserip- 
tion of $300 to the Committee. 


A report of the Special Committee on Transfer of Enrolled 
Students to the Grade of Associate was presented, and the 
recommendations of the Committee were approved, as covered 
elsewhere in this issue. 


Proposed amendments to the Constitution were considered 
and approved for submission to the membership for letter ballot. 


Upon the recommendation of the Standards Committee, 
approval was given to a revision in the American Standard 
for Aeronautical Symbols, made by the Sectional Committee 
on Scientific and Engineering Symbols and Abbreviations, and 
Underwriters’ Laboratories’ Specifications for ‘Flexible Cord’’ 
and for ‘‘Panelboards” were approved with the understanding 
that they are subject to reconsideration should any serious 
objection to them be raised by any of the groups having a major 
interest in the subject matter of the specifications. 

The Standards Committee presented a proposal to unify and 
simplify procedure in electrical standardization; and the recom- 
mendations of the Committee in this connection were approved, 
as explained elsewhere in this issue. 

An invitation to be officially represented at the Semi-Cen- 
tennial of the University of Southern California, June 4-6, 
1930, at Los Angeles, California, was referred to the President 
with power to appoint a representative. 

Others matters were discussed, reference to which may be 
found in this and future issues of the JouRNAL. 


Mar. 1930 


Edison Medal Presented to Charles F. Scott 


Wednesday evening, January 29th, the Edison Medal was 
presented to Charles F. Scott in the Engineering Auditorium, 
New York, President Harold B. Smith presiding. In order that 
the audience might have a full appreciation of the occasion 
President Smith called upon National Secretary Hutchinson to 
explain the origin and significance of the Edison Medal. 

After a brief outline of the history of the medal by Secretary 
Hutchinson, President Smith called upon Past President L. B. 
Stillwell, who was for many years closely associated with the 
medalist, to tell of some of the work and accomplishments of 
Professor Scott leading up to his present recognition as medalist. 

Mr. Stillwell gave an interesting account of Professor Scott’s 
early work in the Westinghouse Company in connection with the 
development of the polyphase motor and the a-c. systems of 
distribution. The four-year period ending with the year 1892 
was a very busy time for the engineering department of the com- 
pany as the polyphase system for commercial service was then 
first developed for two-phase, 60-cycle and 30-cycle apparatus. 

Mr. Secott’s part in the revolutionary development of this 
four-year period was an important one and his work contributed 
in a large measure to the successful results obtained. 

Concerning the development of the Scott connection for trans- 
formers, Mr. Stillwell related the following incident: 

“Tn 1892, I was preparing plans and estimates as the basis for 
a tender by the Company covering the transmission of several 
thousand kilowatts from Folsom, California to Sacramento. 
-I knew that the General Electric Company would figure on three- 
phase transmission, which meant three instead of four con- 
ductors and involved a difference of $12,000 in cost of copper for 
the transmission circuit. I called in Scott and showed him the 
situation. We discussed it briefly and he expressed the opinion 
that the problem could be solved. Then he withdrew to another 
office, and within a remarkably short time returned with his 
two-phase, three-phase connection of transformers—a perfect 
solution. In the light of present day knowledge, this, may not 
seem remarkable, but, in 1892, few were competent to deal 
promptly with problems of this type and the incident illustrates 
admirably Secott’s ability in applying theory to practical 
problems.”’ 

Mr. Stillwell, in conclusion, summarized Mr. Scott’s profes- 
sional activities as follows: 

“As I have stated, he entered the employ of the Westinghouse 
Company in the summer of 1888 and the record of his rapid 
advancement is eloquent testimony to his accomplishments. 

“Tn 1891, he became Assist Electrician and in 1897 Chief 
Electrician. In 1904, he was appointed Consulting Engineer to 
the Company, a position which he still holds. 

“As President of this Institute, his administration was a bril- 
liant suecess. The activities of the Institute were widely 
extended by the adoption of a systematic plan of holding local 
meetings. 

“Mr. Carnegie’s munificent gift to the Engineering Societies 
of the building in which this meeting is held was very largely due 
to his initiative and effort. 

‘Always interested in engineering education, he accepted in 
1911 the position of Professor of Electrical Engineering at Yale 
University which he still occupies. 

“His highly successful services as President of the Society for 
the Promotion of Engineering Education from 1921 to 1923 are 
additional testimony to his versatile ability and great service to 
the engineering profession.” 

At the conclusion of Mr. Stillwell’s remarks, President Smith 
presented the Medal to Professor Scott, whose response was as 
follows: 


Response or Cuarues F. Scorr on REcEIVING THE Epison 
MeEpDAL 


In our recent National Celebration of Light’s Golden Jubilee we com- 
memorated a great achievement of the electrical pioneer in whose honor 
the Edison Medal was founded. 
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That achievement was the inauguration of the practical electric light,— 
the beginning of modern electric power service. 

To appreciate just what Edison did we must know the background. 
A few years earlier the Centennial Exposition in Philadelphia followed a 
century of political independence and a century of the steam engine of 
Watt, the two great factors in developing America. And the outstanding 
exhibit was the mofster Corliss engine, an engine of a thousand horse- 
power, gigantic product of the steam-power century. At the Exposition 
also were the beginnings of a twin romance; one, the telephone of Bell, 
Edison Medalist, an almost overlooked scientific curiosity, but now the 
means by which the King of England may broadcast a message of peace 
to the whole world; the other a dynamo supplying current to an arc lamp 
which fired the interest and shaped the career of young Elihu Thomson, 
first recipient of the Edison Medal. 

The pigmy dynamo grew; in a few decades it exceeded in capacity the 
largest Corliss engine; then it commandeered the steam turbine which now 
exceeds the power of the great Centennial engine by a hundredfold. 


Steps in Evolution of Electric Power 


But in the early years the pressing problem was to make things smaller, 
not larger. It was the subdivision of the electric light. The brilliant arc 
lamp was unsuited to indoor lighting. The incandescent lamp was promis- 
ing but its large filament required a large current and the series system 
adapted for arc lamps in streets was unsuited to indoor use. Edison 
recognized that to compete with gas, lamps should be in parallel; also that 
the current of the individual lamp must be very small or the aggregate 
current of many lamps would require a conductor of inordinate size. The 
quest for a threadlike conductor or filament was not for the lamp itself 
but to adapt it to a practicable circuit. And presently came the triumph, 
the hundred volt lamp and parallel operation from a central station, inaug- 
urating the distribution and sale of electric energy. But the cost of the 
circuit was still the limitation. Even with recourse to the three-wire 
method and Edison’s development of the feeder main system, the economic 
limit proved to be less than a mile. 

Then came a second great step in el «"':.c service, the alternating current. 
Smail currents in high-tension wires could be carried great distances and 
vuhen changed by transformers to large currents wherever required. Intro- 
duced commercially it gave great impetus to incandescent lighting. But 
while the Edison direct current system could furnish motor service, there 
was no motor for the alternating or ‘‘Westinghouse”’ current. 


Then came the outstanding contribution of Nikola Tesla, 7th Edison 
Medalist, to electric power service revealed through patents of May 1, 
1888, for the induction motor and the polyphase system. The induction 
motor in itself ideally simple, called for alternating currents differing in 
phase much as the motions of pistons which act successively on the angu- 
larly placed cranks of a locomotive or of an automobile. At first there was 
hope that the new motor could in some way be operated from the existing 
single phase lighting circuits; but for satisfactory operation it demanded 
polyphase circuits and lower frequency. Electric lighting companies 
hesitated before re-equipping their stations to supply an auxiliary motor 
service. And the motor did not achieve its large distinction as a mere 
supplement to lighting but in a new field of its own creation. Consider 
the various types of electric service then in use. Arc lighting required 
a separate generator and circuit for each group of 50 or 100 lamps. Incan- 
descent lighting was supplied either by direct current so limited in radius 
that many stations were required for lighting a city or by single phase 
alternators which were not operated in parallel but each supplied its own 
circuits. Electric railways and larger power service required their own 
types of generating machinery. A flourishing New England central 
station of 1000 kw. had 24 machines of 5 types and more than a score of 
outgoing independent circuits. 


Then came a great event. The outstanding power development of 
the world was projected at Niagara Falls. It contemplated the produc- 
tion of many times the power that had been produced in any single locality 
and the transmission of this power over a wide area. In 1890 the Inter- 
national Niagara Commission sought proposals on methods. Hydraulic 
methods, compressed air, and direct current had many advocates while 
Professor Forbes alone proposed the polyphase system, at that time 
undeveloped for so large an enterprise. Nothing seemed adequate. 
But within a few years the polyphase exhibit at the Chicago World’s 
Fair in 1893 showed the development of apparatus and the possibilities 
of the system. The polyphase system was adopted for Niagara. It 
enabled electric service of all kinds to be supplied from one source. The 
multiplicity of small machines and the prevalent heterogeneous systems 
and circuits were replaced by one comprehensive system for universal 
service. 

The pioneer plan inaugurated at Niagara has been followed and the 
power systems of the world today and those planning for the future employ 
the polyphase alternating current. Large generators, operating in paral- 
lel in the same station and in remote stations, transmission over great 
distances and the conversion and transformation of current suitable for 
all purposes makes this the universal system. There is no other known 
method by which our present extended use of electric power would have 
been possible. 


The three great engineering steps in the commercial evolution of electric 
power were inaugurated by the direct current Pearl Street Station in 1882; 


second, the single phase alternating current service in 1886 and third, the 
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polyphase alternating current system on an outstanding scale by the 
Niagara plant in 1895. 

The steam engine, although limited in its capabilities to mechanical 
drive within the limited area reached by shafting and belt, created the 
industrial revolution and made the progress of the nineteenth century 
outstanding. 


What Electricity Does for Men 


Electricity liberates power; it transmits the power produced by steam or 
falling water over great distances, subdivides it for the dentist’s drill and 
the gigantic steel mill, transforms it into light for changing night into 
day, supplies heat for making toast and melting steel and creates new 
materials by the alchemy of electro-metallurgy; and everywhere serves 
with safety and convenience in application and control. 

Muscular power which did the work of the world for untold ages was 
replaced by the mighty power of the engine in the last century and now 
in our twentieth century electricity makes the power of the engine ten- 
fold more effective. 

At first electricity did the old things in about the same way. The 
early incandescent lamps differed little in quantity or quality of light 
from the gas jet. The electrician usually replaced a gas jet by a lamp. 
The light was steady; the open flame and vitiation of the air disappeared 
and remote switching was a convenience, but the illumination was of 
the same order. The illuminating engineer and the art of electric illumi- 
nation came later with the Tungsten lamp used in new ways to transform 
the darkness of night into brilliance and splendor. And incandescent 
lamps in the year of the Golden Jubilee produce some 50 times the illumina- 
tion that they did at the end of their first 25 years. 

The electric motor in industry at first replaced the engine for driving 
a shaft; emphasis was on the power system, the motor was merely a con- 
venient and economical substitute for the engine. Then came individual 
drive and speed control. Then machine tools were made stronger and 
were operated at higher speed; the motor and the machine were designed 
as a single mechanical unit; tools were modified to take advantage of un- 
limited power, speed adjustment and automatic control, with large emphasis 
on the latter. 

Recently a large steel mill was electrified. To replace the reversing 
engine by a motor would have been a simple matter. But, the whole 
mill was redesigned and rebuilt at a cost of many millions of dollars to 
secure the advantages made possible by electric power and automatic 
control, for securing better product and larger output at less cost. 

Now it is proposed to make a radical innovation; instead of connecting 
the upper and lower rolls by massive gears, they will be operated by indi- 
vidual motors, concurrently controlled. 

Electricity in industry is being viewed from a new angle, not how to 
apply it to aid here and overcome a difficulty somewhere else, but what it 
is possible to accomplish by 100 per cent electrification. 

Electricity goes further; not only is it an agency which men direct 
and control but electricity itself is assuming the function of supervisory 
control. The automatic telephone exchange is taking the place of tele- 
phone operators and in the automatic power house and substation electric 
devices supplant station operators for starting and putting machines in 
service when needed, and vice versa. 

In the textile industry the empty bobbin is automatically replaced and 
the broken thread of the loom, once the responsibility of the weaver to 
detect, now electrically stops the loom. We live in a machine age. 

Electric motors do the work of arm and hand, and now the electric eye 
and the electric ear, and seeming electric intelligence supervise and control. 
The things that machines and power now do are beyond the imagination 
of the past generation. We scarcely comprehend them ourselves but yet 
the advance is going on. The output of our power stations in 1929 ex- 
ceeded that of the first thirty years of electric power service. A billion 
dollars a year provides for increased service. 

And electric power is simply a means of doing useful things, and the 
measure of its value must be reckoned not merely in terms of its quantity 
but also in its superior quality. 


Its Benefit to Society 


But of greater significance is the effect of power in industry upon the 
workers. Electricity adds a thrilling chapter to the story which began 
when the steam engine replaced muscular power. 

In Andrew Carnegie’s story of his boyhood, he says ‘‘The change from 
hand-loom to power-loom weaving was disastrous to our family. My 
father did not recognize the impending revolution and was struggling 
under the old system.’”’ And in the next paragraph he remarks, ‘‘I remem- 
ber that shortly after this I began to learn what poverty meant.’’ The 
engine drove the family to America and by a strange irony young Andy 
soon had a job running an engine. Later on his thousands of workers 
and big engines rolled steel for railroads and bridges and buildings for 
making our modern world. And it enabled him to become a millionaire 
benefactor and donor of this home of the engineering societies, agencies 
for contributing to human welfare. 

Yes, mechanized industry has profoundly affected the workers. In 
pioneer days our forefathers worked long hours in the struggle for the 
bare necessities of life. With power and machinery these necessities are 
now produced by a quarter of the workers; others produce conveniences 
and luxuries. The economic problem has shifted from production to dis- 
tribution and consumption. More efficient machines require fewer work- 
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ers, shorter hours. As changes come, unemployment often results until 
there is readjustment in new industries. 

For the first time in history our machine production creates an abundance 
which makes it possible to eliminate poverty. 

Electricity in the home removes drudgery aifd makes for convenience 
in a dozen ways, light and power, heat and cold, telephone and radio. 

Fewer working hours in industry and in the home give more leisure. 
It is estimated that America spends annually twenty billion dollars for 
play, half of which utilizes machines, automobiles, moving pictures, radio 
and the like. 

Never before was universal education accepted as the right of all. The 
necessity for child labor is eliminated and greater wealth makes higher 
education practicable for many. 

In these kaleidoscopic changes in which machinery and electric power 
in the factory, the home and on the farm is revolutionizing the methods 
of our industrial, economic and social life, the real wonder is not the chang- 
ing physical scene but the readiness with which human nature accepts 
and adapts itself to these changes. For unknown centuries the ideal 
was conformity to tradition. New ideas and new methods often met 
with prison or decapitation. Now scientific research and invention 
make change inevitable and normal and they are accepted as a matter of 
course. New and far-reaching problems are encountered on every hand. 
The larger problems of electric power confound the statesman. The 
engineer makes possible the economies of superpower and in its wake 
come problems of ownership and control, involving the division of func- 
tions between the Nation and the States. At this very time a foremost 
problem of the Empire State is how to proceed legally with the develop- 
ment of its wasting water power, 

It is the human relations that are most difficult of readjustment. 

While the industrial revolution of a century ago brought great changes 
in production and in the general welfare it ruthlessly sacrificed the interests 
and the welfare of the workers. In the industrial activities of today health 
and safety, and welfare are looked after as never before. The ideal of 
wages has changed. It is not cheap labor but high wages that raise the 
standard of living and make workers consumers in the new economic circle 
of production and consumption. But again, we may overlook ultimate 
ends, and not give a fair answer to the question what it is all about; are we 
merely mechanizing the whole of life? 


The Future 


There is a great concern about the trend of our civilization. It is a 
prolific topic of magazine articles and learned books. ‘That there are pro- 
found changes, all are agreed, not only as to industrial, economic, social, 
governmental and international relations, but also as to the very basis 
of morals and the place of religion in life. One writer points out the 
difficulties in applying the moral code evolved through centuries of rural 
life to the industrial city. He finds the economic independence of woman 
followed by her political independence a matter of great moment in read- 
justment of social relations and home life. He then states that the basic 
cause of our moral revolution was the industrial revolution. 


Another keen student of personnel relations says electricity in industry 
is causing changes in personnel relations, in the number of workers, in 
type of work, and in the inter-relations between supervisors and workers, 
comparable to those which the steam engine produced through the indus- 
trial revolution of a century ago. Without realizing it we are in the midst 
of a new industrial and social revolution. Surely the prophetic engineer, 
George S. Morison, spoke truly when he said the steam engine was the 
beginning of a new epoch in civilization, 

Pessimists predict that like Frankenstein we have built a monster which 
will destroy us. But surely the ability which has produced the machine 
civilization of the Western World is capable of realizing its unlimited 
opportunities. 

Herbert Hoover on assuming the presidency of American Engineering 
Council nine years ago pointed out the new standards of living incident to 
our industrial civilization. He also indicated certain threatening faults 
such as unemployment, labor friction and turnover, the ebb and flow of 
economic tides between booms and slumps and other factors entailing 
distress or reducing productivity. He recommended that engineers 
undertake the task of finding the facts, of analysing the difficulties and 
proposing remedies. Then followed the notable investigation and the 
report upon ‘‘Waste in Industry.” 


As Secretary of Commerce, he inaugurated remedial measures by con- 
structive action leading to simplification in methods and products and 
to stabilization of employment. And as President he seeks the rational 
solution of our National problems. He himself has followed the injunction 
given to his fellow engineers a few weeks before he entered the Cabinet. 


“The spirit of cooperation that has been growing in our country during 
the last thirty years has already solved many things; it has standardized 
some things and is ripe for initiative toward cooperation of a wide spread 
character. ‘The leadership of our Federal government in bringing together 
the forces is needed. No greater field of service exists than the stimulation 
of such cooperation. The first step is sane analysis of weakness and sober 
proposal of remedy. If the facts can be established to an intelligent 
people such as ours, action is certain even if it be slow. Our engineers 
are in unique position for this service and it is your obligation to carry 
it forward.”’ 
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Transfer of Enrolled Students to Grade of 
Associate 


During the Conferences of Officers and Delegates at the 1928 
and 1929 Summer Conventions and at other meetings there has 
been much discussion of the desirability of permitting Enrolled 
Students of the Institute to be admitted as Associates without 
the full payment of $10.00 entrance fee and $10.00 dues for the 
first year. 

A recommendation made at the 1929 Conference of Officers 
and Delegates was approved in principle by the Board of Direc- 
tors at its meeting held on June 25, 1929, and referred to the 
incoming administration. 

Early in August 1929, the President appointed a special com- 
mittee to study all phases of the questions involved and to make 
recommendations to the Board, including the phraseology of the 
necessary amendments to the Constitution and By-laws. The 
committee was composed as follows: E. S. Lee, Chairman, 
Edward Bennett, H. H. Henline, B. D. Hull, A. E. Knowlton, 
K. B. Meyer, and L. F. Morehouse. 

After many variations of the plans previousky suggested had 
been carefully considered with respect to their suitability from 
the Students’ standpoint, and their probable effects upon Insti- 
tute finances, the special committee recommended a plan con- 
taining the provisions summarized in the following paragraph. 

A student of a school of recognized standing may be enrolled 
as a Student of the A. I. E. E. (see Sec. 51 of the By-laws) 
throughout his graduate and undergraduate studies, upon pay- 
ment of $3.00 per year, based upon the fiscal year of the Institute 
beginning May 1. The initial payment upon application for 
enrolment shall be on the basis of a full year’s fee, three dollars 
($3.00), or a half year’s fee, one dollar and fifty cents ($1.50), 
depending upon whether the application is filed nearer to May 1 
or November 1, respectively. The term of Student enrolment 
shall not extend beyond the end of the fiscal year in which the 
student graduates or leaves school. An Enrolled Student who 
applies for admission as an Associate before March 1 of the last 
fiscal year of his enrolment, and is elected, would not be required 
to pay the $10.00 entrance fee, but would pay the first year’s 
dues of $10.00 dating from the following May 1. It was recom- 
mended that the enrolment of Students be placed on the basis 
of the fiscal year in order to provide more definitely for continuity 
of connections with the Institute. 

At the meeting of the Board of Directors held on January 29, 
1930, this plan and the proposed amendments to the Constitu- 
tion necessary to place it in effect were approved. In accordance 
with the requirements of the Constitution, these amendments 
will be submitted to a vote of the membership, and the results 
will be reported at the Annual Business Meeting in Toronto, 
June 23, 1930. Amendments to the Constitution adopted at 
that time will take effect thirty days later. 

The Board of Directors adopted a resolution extending the 
privilege of being admitted, without payment of the entrance fee, 
to any Students enrolled in the Institute at the time the amend- 
ments to the Constitution become effective, provided their 
applications for admission as Associates are received at Institute 
headquarters before the expiration of their enrolment under the 
present By-laws, and they are elected in accordance with the 
usual procedure. 

Although it is hoped that the recommended plan will, if 
adopted, enable many young men who would find it difficult to 
meet the present cost of admission to the Associate grade to 
continue their connection with the Institute, the committee 
emphasized the facts that the recommended plan can supply 
only in part the incentives required for best results, and the 
degree of effectiveness will depend materially upon: 

1. The conduct of Branch work in such a manner as to develop 
genuine interest in the objects and activities of the Institute. 

2. Opportunities for recent graduates to participate in Section 
activities in order that their interest may be maintained and 
suitable experience may be gained. 
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AMERICAN ENGINEERING COUNCIL 


NATIONAL HYDRAULIC LABORATORY 

Senate Bill 3043 and H. R. 8299 providing for the establish- 
ment of a National Hydraulic Research Laboratory in the 
Bureau of Standards has again been introduced into the present 
Congress. In the Senate it was referred to the Committee on 
Commerce which promptly reported the bill out, and it is now 
on the calendar. Unquestionably it will be acted upon shortly 
after the Senate disposes of the Tariff Bill. In the house, it 
was referred to the Rivers and Harbors Committee, which called 
upon Major General Lytle Brown, the new Chief of Engineers, 
for a statement on the bill. General Brown appeared before the 
Committeeon February 4 and stated that there was need for such 
a national hydraulic laboratory as indicated by the bill. He also 
stated that although he believed the Corps of Engineers needed 
data from such a laboratory perhaps as much as any other agency 
of the Government, there were other agencies that also required 
much more data than now available on the subject of hydraulics. 

The Bill now has the endorsement of all governmental depart- 
ments and agencies primarily concerned with hydraulic engi- 
neering of the Federal Government; namely, Bureau of Public 
Roads of the Department of Agriculture; Bureau of Standards of 
the Department of Commerce; Water Resources Division of the 
U.S. Geological Survey; Reclamation Service of the Department 
of Interior; and Corps of Engineers of the War Department. 
It was also approved by President Hoover when he was Secre- 
tary of Commerce. 3 

American Engineering Council for a number of years has 
worked constantly for this measure and it appears that in this 
session of Congress it will be passed. 
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CRAMTON PATENT BILL 

A bill known as the Cramton Bill, H. R. 699, to prevent 
fraud, deception, or improper practise in connection with busi- 
ness before the United States Patent Office, has been before 
the last two sessions of Congress. 

Council has always been interested in matters designed to aid 
the Patent Office, and has consistently supported all measures 
intended to bring about the improvement in its operation. In 
presenting the engineers’ views before the House Committee on 
Patents, the Executive Secretary stated that Council was in 
full sympathy with the purpose of the bill, but as it is now 
drafted, there are certain features that should be changed, 
for should the bill in its present form be passed, it would seriously 
interfere with the legitimate and constructive work done by 
men of science in connection with the preparation of the appli- 
cations for patents. This can be very easily avoided by slight 
amendment already suggested. 


NEMA Organizes Flood Lighting Section 

At a conference held January 21 at the Westinghouse Lighting 
Institute in New York, further steps were taken to organize a 
Flood & Airport Lighting Section of the National Electrical 
Manufacturers Association. Nine manufacturers were repre- 
sented and officers were elected as follows: Chairman, J. C. 
Herron of the Reflector and Illuminating Company and Secre- 
tary, W. H. Robinson, Jr. of the General Electric Company. 
The meeting carried further the proposals made in Detroit, 
December 19th, when a number of manufacturers’ representa- 
tives started the’organization of the proposed Section. 

Plans were made for the future work of the Section, including 
the preparation of standards and the collection of statistics. It 
was decided to appoint two standardization committees, one for 
airport lighting and the other for all other types of flood lighting. 
Standardization of wattage ratings and standard specifications 


for illumination will be referred to both committees. The Air- 
port Lighting Committee will be requested to review the Depart- 


ment of Commerce Specifications on this subject. 
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Work of Water Resources Division 


The Water Resources Division of the U. 8S. Geological Survey 
will obtain through action of Congress $510,000—an increase of 
over 100 per cent. This means that all cooperative states will 
receive assistance from the Federal Government on a dollar-for- 
dollar basis, which is of great significance to the engineering 
profession and the country at large. 


Topographic Surveys 

The appropriation for topographic surveys for next year 
will be about one million dollars, which is many times larger than 
ever before. This will be increased yearly so that the topo- 
graphic survey of the United States may be completed in 18 
years instead of in from 80 to 100 years as would be the case 
under the old program. This means employment of a large 
number of engineers; and even those not employed will benefit 
with the availability of adequate topographic maps. 


Increased Forest Service 


For the Forest Service there is planned an increase of three 
and a quarter million dollars. A large share of this increase 
will be devoted to carrying out the national forestry research 
program authorized by the McNary and McSweeney Acts 
passed by the last Congress. To any engineer it is obvious what 
such an enlarged program will mean to the profession and to 
the public at large. 
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ENGINEERING FOUNDATION 


EXTRACTS FROM PRESIDENT’S REPORT FOR 1929 
United Engineering Society changed its name to Engineering 
Foundation, Inc. becoming effective Ist January 1930. (See 
February JouRNAL, page 152). 
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The Endowment Committee has continued its endeavors to 
.inerease the Engineering Foundation Fund and the Library 
Endowment. It has had some success, but as yet has obtained 
but a small part of the $7,000,000 sought. 


The Committee on Development continued its study of ways 
to provide for future demand of the Societies for offices and other 
space, due to their growth. 


The Committee on War Memorial to American Engineers, 
having completed its duties in connection with the carillon and 
the clock placed in Louvain Library, was discharged in Septem- 
ber with commendations for the great success achieved. Con- 
tact with our memorial is now maintained through an inter- 
national committee. 

All departments closed the year without deficit. The in- 
come of the Administrative Department was $6,937.37 greater 
than predicted in the budget, due mostly to revenue from the 
halls, and the expenditures for all purposes was $5,391.57 less 
than the budget. 


A summary of the Financial Report for the year follows. 


SUMMARY 
OPPRATION OF BUILDING : 

@redit Balance: January 1, 19290 a. ee eee $ 16,369.38 
Btiidine seven en] G2 Oe mene aie ne ern) ene ee $132,326.21 
Building Hxpenditures 1929...............:. 116,422.18 15,904.03 

ELOGAILE A ett ae he oie eee: a $ 32,273.41 
Annual Payment to Dep. & Renewal Fund.... 12,436.25 
Reimbursement of General Reserve Fund...... 6,000.00 
Payment to Reserve for Future Fire Ins........ 1,500.00 
MesseAccountsichargedsothases nie. een eee 46.50 19,982.75 
Credit Balance December 31, 1929........... $ 12,290.66 
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OprRATION or LIBRARY 
Maintenance: IROVenue. aan ciate teiin $ 47,986.24 


Maintenance Hixpendituresi;, 210s. deena. 44,963.86 

Credit Balance December 31, 1929.......... 3,022°38—_ 

Credit Balance January 1, 1929............. 425.55 

Total Credit Balance December 31, 1929..... $ 3,447 .93 
Service Bureau Revenue....../....60.5e-s00% $ 20,154.30 
Service Bureau Expenditures & Adjustments... 20,065.91 

Credit Balance December 31, 1929.......... 88.39 

Credit Balance January 1, 1929............. 3,927.86 

Total Credit Balance December 31, 1929..... $ 4,016.25 


FunNDs AND PrRoppeRry 
Funds held by E. F. Inc., Dec. 31, 1929 (book value) 


Depreciation and; Renewal Mund). .2. .. hemes eeeee $ 257,247.14 


General Réserve, Munday Gatien Senay eet “ails eas 7,317.90 
Bngineering: Houndation, Wand... 45 sles weenie ciel see 530,584.01 
Henry R. Towne Engineering Fund................... 49,953 .13 
Library Endowment; Hund). 2. soit see ane ae eee 173,170.14 
Edward. Dean Adams Bitid nz. nc.cn ansehen eee else cle 99,241.71 
John JE rite. Medal (Custodian ot eennen acini aia 3,500.00 
Louvain Memorial Fund (cash in bank)................ 8,561.94 


$1,129,575 .97 


DO Gal Funspot tid atuatha) helasane GIS te oe SA tee ee 
Real Estate owned, cost to Dec. 31,1929... oo. anne ee 1,973,410 .42 
Operating cash and petty cash....... er Lees oe 13,631.57 
AX CCOUNTSAROCOLV ALO: .. «ie sce: erreur orca nes en te oe ese ea 1,838.73 
Value of Library (as appraised for insurance)........... 336,579 .00 
Endowment Committee Loan Receivable............... 1,700.00 
Unexpired Fire Insurance Premiums................... 4,818.82 


Total Property which EK. F. Inc. owns or holds.......... $3,461,554 .51 


The Development of Transportation 


in and About New York 


On the evening of March 3, 1930 at 8 o’clock Billings Wilson, 
Deputy Manager of the Port Authority in charge of Port 
Development in New York, will give a talk on the ‘‘ Development 
of Transportation In and About New York.’ The meeting 
will be held in the Engineering Auditorium, 33 West 39th Street, 
New York, N. Y. Following the meeting there will be an inspec- 
tion of the Museum of the Peaceful Arts at 24 West 40th St. 
All members of the Institute are cordially invited to attend the 
meeting and inspection. . 
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Henry D. Jackson, Engineer, 698 Beacon Street, Newton, 
Centre wishes to notify his various friends with whom he has 
had many years of pleasant contact that he has retired from 
active business. 

He thanks all for their many courtesies and wishes them 
continued prosperity. Mr. Jackson joined the Institute in 1903. 

Roy Pagan, who since 1918 has been Assistant General Mana- 
ger of the Nebraska Power Company, Omaha, Nebraska, has 
just been made its General Manager to sueceed J. E. Davidson, 
who is now President and who was recently named Omaha’s 
“most distinguished ecitizen’’ for 1929. Mr. Page is also Presi- 
dent of the Nebraska Section of the N. E. L. A. and Chairman 
of the Engineering Section of its Midwest Division. 


Mr. Frank J. Burp, A. I. E. EH. Member, on February Ist 
became Manager of the Philadelphia Office for Cutler-Hammer, 
Ine., pioneer manufacturers of electrical control apparatus, 
with main office at Milwaukee, Wis. His knoweldge and 
electrical experience on the application of motors and their 
control is spread over practically every industry, and he has 
been much in demand as a speaker for engineering societies 
besides contributing numerous articles to the various publica- 
tions on the subjects of Motor and Control. 
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Joun M. Moreueap, Fellow of the Institute, was named 
United States Minister to Sweden by President Hoover on 
January 22. The appointment has been confirmed by the 
Senate and Mr. Morehead will present his credentials in Stock- 
holm late this month. 


Mr. Morehead has made important contributions to the acety- 
lene, oxygen, and illuminating gas industry. At the time of his 
appointment he was associated with the Union Carbide and 
Carbon Corporation of New York. 


P. H. Powxnrs, Commercial Manager, West Penn Power 
Company, has been promoted to Vice-President in charge of all sales 
and commercial activities including operation of division and 
district offices. He has been with West Penn interests since 1922, 
starting as Division Manager of the Keystone Power Corpora- 
tion at Bellefonte, Pennsylvania, becoming General Manager of 
that company in 1924 and Commercial Manager of West Penn 
Power Company at Pittsburgh in February, 1928 which is the 
office he held until his present appointment as Vice-President. 
He joined the Institute in 1921. 


C. W. G. Lirrir, who has been an Associate of the Institute 
since 1896 and since 1889 an earnest worker in the field of elec- 
trical industry has now retired from the position of Chief Engi- 
neer to the British Electrical Federation—not however, his 
many friends will be glad to learn, on account of ill health or 
inactivity. 

Mr. Little installed the first three-phase e. h. t. transmission 
system with converter substation in Great Britain. His work 
has been identified with many pieces of electrical engineering 
work of exceptional interest and utility. 

Donaup MecNico1, Fellow A. I. E. E. and Past-President of 
the I. R. E., has been appointed Editorial Director of the two 
publications Radio Engineering and Projection Engineering. 


Since 1900 Mr. MeNicol has been closely identified with 
radio and sound projection developments. He is the author 
of many technical papers on radio, including the more extensive 
work: ‘‘The Engineering Rise in Radio,’ widely read in all 
parts of the world. He is also the author of four standard text 
books on communication subjects. 


For four years he was chairman of the Institute’s Committee 
on Communication, and for eight years a member of its Publi- 
cation Committee. He is internationally known in radio and 
communication circles. 


Obituary 


Fred M. Kimbail, advisory manager of the motor division 
of the industrial department of the General Electric Company 
and an Associate of the Institute since 1903 died at Lynn, 
Massachusetts February 5, 1930. Mr. Kimball was well known 
throughout the motor industry and had seen many years of 
service with General Electric. He had been ill for some time. 


Born in Barton, Vermont, July 7, 1861. he when a year old 
went to Somerville, Mass. with his parents. He received his 
education in the State of Massachusetts, including a course in 
Electrical Engineering at Massachusetts Institute of Tech- 
nology. Early business associations was with the Merchants 
Electric Light Company of Boston, the American Electric 
Illuminating Company and the Electrical Development and 
Manufacturing Company. In 1886 he established a business 
partnership specializing in the manufacture and sale of isolated 
lighting plants, motors, and electrical specialties. In 1891 he 
entered the employ of the General Electric Company, New 
England District, and in 1898 at its formation was made Manager 
of the Small Motor Department. He was a member of the 
N. E. L. A., an Edison Pioneer, and an Honorary Member of 
the Providence Engineering Society. 
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Francis C. Pratt, who has been an Associate of the Institute 
since 1912, died at his home in Schenectady, New York, Janu- 
ary 26, 1930. He was born in Hartford, Connecticut in 1867, 
attended the Yale University Sheffield Scientifie School and from 
1888 to 1906 was affiliated with the Pratt & Whitney Company, 
Hartford, Connecticut. Before leaving that company to take 
a position with the General Electric Company, he had been its 
vice-president and secretary. His record of service with the 
latter company was also worthy of note. He joined it in 1906 
as an assistant to Mr. HK. W. Rice, Jr., in charge of manufacturing 
and engineering. In 1913 he was made assistant to the Presi- 
dent and in 1919 Vice-President. As such, he first had charge 
of engineering and later of both engineering and manufacture. 
He was a member of the munitions standards board of the 
United States Council of National Defense in 1917; a Trustee of 
the Sheffield Scientific School, Yale University, a Trustee and 
former head of the Hospital Association of Schenectady, a 
former Trustee of the Albany Medical College of Union Uni- 
versity and former President and member of the executive 
committee of the Yale Engineering Association, serving many 
important committees of this body and acting as its representa- 
tive on the alumni Advisory Board. He was also an honorary 
member of the Aurelian Honor Society of Sheffield Scientific 
School. Four years ago an honorary degree of M. A. was con- 
ferred upon him by Yale University. His memberships in clubs 
included the University and Yale Clubs of New York; the North 
Woods Club of Minerva, Essex County; Yourilli Club of Quebee 
and the Mohawk and Mohawk Golf Clubs of Schenectady. He 
was a member of the American Society of Mechanical Engineers 
and of the Schenectady Chamber of Commerce. ~ 


Harry L. Tanner, President of the Tanner Engineering Com- 
pany and a member of the Institute for the past twenty years, 
was killed in an automobile accident in Brooklyn, February 11, 
1930. He was born at Blodgett Mills, New York, September 
5, 1883 and in 1904 was graduated from the State Normal School 
at Cortland. This education was supplemented by a course in 
Electrical Engineering at the University of Michigan, from which 
he was graduated in 1908. He immediately entered a student 
apprentice course in the Test Department of the General Electric 
Company and in 1909 entered the Transformer Department 
where his work consisted of transformer calculations. The 
following year he received an appointment as Instructor in Elec- 
trical Engineering at the University of Michigan, at the same time 
doing preliminary lay-out work for the Ontario Power Company 
of Niagara Falls, for contemplated extensions to the plant and a 
complete set of wiring diagrams for the existing plant. As 
Instructor at the University his work included electrical machine 
design, electrical engineering laboratory work, photometry, 
illumination, and general electrical engineering courses. Of the 
course in photometry and illumination he had entire charge for 
two summer sessions. From 1913 to 1915 he was engineer with 
the Sperry Gyroscope Company of Brooklyn, in entire charge 
of all testing. He also designed many pieces of apparatus for 
the company, much of this being of a special nature and requir- 
ing considerable original work. He was also responsible for 
several inventions patented and manufactured by the company, 
including an automatic d-c. booster-crusher voltage regulator, 
an electric system for transmitting signals, gyroscope devices 
and improvements for the hyroscope compass and airplane 
stabilizer, ete. Three of the company’s engineers and a man in 
charge of the testing came directly under his supervision, and 
in every capacity in which he served, he. proved himself an able 
executive. 

John H. Finney, a member of the Institute since 1902 and for 
the past 25 years the southern representative for the Aluminum 
Company of America, died at Washington, January 29, 1930. 

Born on October 10, 1865 in Amelia County, Virginia, Mr. 
Finney was educated in common and private schools in Virginia. 

In 1881 he accepted a position as telegrapher with the Rich- 
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mond and Allegheny Railroad Company. Two years later he 
engaged in mercantile business in Richmond, where he remained 
until 1887, when he entered the employ of the old Davis Carbon 
Company, later the Fidelity Company, of St. Louis, as electrician 
in the plating department. Here he had charge of the copper 
plating room (electric light carbons). From 1889 to 1890 he was 
with the Westinghouse Electric and Manufacturing Company, 
in the Cincinnati office, as salesman. From 1891 to 1896 he was 
engineering salesman with the Northwest General Electric Com- 
pany at St. Paul, Minn. In 1896 he was appointed District 
Manager for the Fort Wayne Electric Corporation, with head- 
quarters in Minneapolis. A year later he was transferred to 
the Rochester office in charge of sales for the western portion of 
New York State. In 1898 he became Manager of the Canan- 
daigua Electric Light and Railway Company, leaving there in 
1899 to accept the position of Engineer Salesman and District 
Manager for the Crocker-Wheeler Company at Washington. 
He gave up this position in 1900 to become Western Sales Mana- 
ger for the Stanley Electric Manufacturing Company at Chicago. 
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NEW YORK SECTION MEETING POWER GROUP 

The third meeting of the Power Group of the New York Sec- 
tion will be held on Tuesday evening, March 11, 1930 at 7.380 
p. m. in the Auditorium of the Public Service Electric and Gas 
Co., at the Terminal Building, Newark, N. J. 

The general subject of the meeting will be “182-Kyv. Under- 
ground Transmission.’”’ Two papers will be presented, as fol- 
lows: C. T. Hatcher of the United Electric Light and Power Co., 
will describe the two 132 kv. feeders from Hell Gate to Dun- 
woodie, covering the type of cable, methods of installation, 
splices, oil stops and operational data. G. T. Minasian of the 
New York Edison will talk on conduit and manhole design for 
transmission lines. The advantages and disadvantages of dif- 
ferent designs will be covered. Talks will be illustrated and 
there will be plenty of time for discussion. 


FUTURE SECTION MEETINGS 
Akron 

March 14, 1930. Selection of a Motor as Determined by the 
Type of Load, by G. EK. Stolz, Manager Industrial Engineering 
Department, Westinghouse Elec. & Mfg. Company. 

April 11, 1930. System Planning, by E. C. Stone, System 
Development Manager, Duquesne Light Company, and Vice- 
president District No. 2. Meeting to be held at Canton. 


Cleveland 


March 20, 1980. Student Papers, by Dr. W. E. Wickenden, 
President of Case School of Applied Science. Joint meeting 
with Case School of Applied Science Branch. 

April 17, 19380. Quality Characteristic of Electrical Hardware, 
by F. L. Wolf, Technical Supt., The Ohio Brass Company. 
Inspection meeting at the Ohio Brass Company. Cafeteria 
dinner. 

Detroit-Ann Arbor 

March 18, 19380. The Electrical Industry in America, by 
Paul S. Clapp, Managing Director, N. E. L. A., New York, 
N. Y. Meeting to be held at the University of Michigan, Ann 
Arbor, Michigan. 

April 22,1930. The Deion Circuit Breaker, by Joseph Slepian, 
Consulting Research Engineer, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa., and originator of this new breaker. Meet- 
ing to be held at the Detroit Edison Auditorium. 


Madison 


March 15, 1930. Taking the Guess Out of System Protection, 
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The following year he entered the employ of the Aluminum Com- 
pany of America, as Manager of the company’s southern territory. 
His work has been chiefly along engineering lines. 

Mr. Finney became an Associate of the American Institute of 
Electrical Engineers on Sept. 26, 1902. He was transferred to 
the grade of Member May 20, 1918, and was elected a Manager 
May 19, 1914. : 

Mr. Finney had for many years taken an active part in the 
affairs of the Institute. Besides being a member of the Board 
of Directors, he was a member of the Executive Committee, 
Chairman of the Committee on Water Power Development, and 
one of the representatives of the Institute upon the Pan-American 
Engineering Joint Committee. He took a prominent part in 
matters relating to water power, and frequently represented the 
Institute at congressional and senatorial hearings on that subject. 
He also appeared and presented a statement at the Water Power 
Conference held in Portland, Oregon, September 21-23, 1915, 
upon the invitation of the Honorable James Withycombe, 
Governor of the State of Oregon. 
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by William C. Hahn, General Electric Company, Chicago, II. 


Niagara Frontier 

March 21, 1930. By Products of Radio, by Dr. Phillips 
Thomas, Research Dept., Westinghouse Elec. & Mfg. Co., 
Kast Pittsburgh, Pa. Meeting at the Hotel Statler, Buffalo, 
INEOY?: 

April 18, 1930. Use of Regulators in Industry, by J. H. 
Ashbaugh, Regulator Engineer, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. Meeting to be held at Power House No. 
2, Edward Dean Adams Plant. 


Pittsburgh 

March 8, 1930. Inspection trip. Homestead Steel Works of 
the Carnegie Steel Co., Homestead, Pa. 

April 8, 1930. Electrical Developments in Russia, by Col. 
Hugh L. Cooper, President, Hugh L. Cooper & Co. Inc., New 
York, No Y- 

Seattle 

March 18, 1930. Annual joint meeting of the local Sections 
of the four Founder Engineering Societies. Program of general 
interest to engineers, sponsored by the Western Washington 
Section of the American Society of Mechanical Engineers. 

April 15, 1930. Joint meeting with the University of Wash- 
ington Student Branch. Program under the direction of 
Professor George L. Hoard, University of Washington. 


THIRD MEETING OF CHICAGO SECTION POWER GROUP 

The third meeting of the Power Group of the Chicago Section 
was held February 12, 1980. Mr. L. R. Janes, of the Public 
Service Company of Northern Illinois presented a paper on 
Load Division in Transmission Networks before a group of about 
100 engineers of Chicago and the vicinity. After a brief intro- 
duction consisting of a review of operating characteristics of 
high-voltage transmission lines, Mr. Janes outlined a simplified 
procedure which can be used to obtain the division of load in a 
complicated high-voltage network such as exists in the Chicago 
region. The paper was well illustrated by numerous slides and 
vector diagrams. Mr. Janes stated that the test results obtained 
on typical cases showed that the precision of results obtained by 
the simplified methods was ample for practical purposes. 

The discussion which followed the presentation showed con- 
siderable interest on the part of the engineers in this timely 
subject. 
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PAPERS BY YOUNGER SECTION MEMBERS 


The first of two joint meetings planned by the Pittsfield and 
Schenectady Sections, for the purpose of encouraging their 
younger members to participate in programs, was held in 
Schenectady on February 7, 1930; the other was held in Pitts- 
field on February 18. 

The papers named below, chosen through competition and 
including three from each Section, were presented at the Schenec- 
tady meeting. 

Generator-Voltage Regulator Compensation, by M. L. Waring, 
Central Station Engineering Dept., Schenectady. 

The Non~Resonating Transformer, by W. A. MeMorris, Pittsfield. 

The Automatic Polarity Control of Electric Precipitators, by 
R. H. Kaufman, Industrial Engineering Dept., Schenectady. 

The Capacitor Motor, by A. F. Lukens, Pittsfield. 

Lightning Protection of Rotating Electrical Machinery, by E. W. 
Boehne, Genera] Engineering Department, Schenectady. 

Small Capacity High-Voltage Substations for Rural Service, by 
E. T. Parsons, Pittsfield. 

First and second prizes were awarded as follows: 

First—$15.00,. E. T. Parsons, Pittsfield. 

Second—$10.00, R. H. Kaufman, Schenectady. 

The judges announced the total number of points as Schenectady 
253.2 and Pittsfield 241.2. 

The attendance was 180, and 35 members of the Pittsfield 

Section attended a dinner preceding the meeting. 


Due to a thorough preliminary preparation by the authors, 
the character of their presentations was excellent, and interest 
shown by the speakers and audience was such that the officers 
enthusiastically suggested that other Sections hold such meetings. 


JOINT MEETING OF LOCAL SECTIONS IN VIRGINIA 

The Local Sections of the A. S. C. E., A. S. M. E., 
and A. I. H. E., and the Engineers Club of Hampton Roads, 
held a joint meeting at the Southland Hotel, Norfolk, Va., 
January 24-25, 1930. The general subject for discussion was 
“Virginia Industries,’ and the program is given below. The 
attendance was 125. 
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9:00 a. m. 
10:00 a. m. 
10:30 a. m. 
11:00 a. m. 


Registration 

Business sessions of State Sections. 

‘Kor the Old Dominion.”’ 

Victor Serbell, Chairman, Virginia State Section, 
A. S. M. E.—Presiding. Speaker, A. L. Griffin, 
Vice-President, F. S. Royster Guano Co. 
‘Fertilizer Manufacture.’”’ Speaker, R. S. Hud- 
dleston, President, Huddleston Mahogany Co. 
“The Mahogany Industry.” 

Luncheon. W. T. Howe, President, Engineers 
Club of Hampton Roads, Presiding. Major S. 
Heth Tyler, Mayor of Norfolk. Welcoming 
address. Speaker, Professor W. S. Rodman, 
Vice-president American Institute of Electrical 
Engineers. d 


Moving picture. 


1:00 p. m. 


3:00 p.m. H.C. Leonard, Chairman, Society Virginia Section, 
A.I.E.E., presiding. Speaker, J.B. Woodward, 
Jr., Assistant General Manager, Newport News 
Shipbuilding and Dry Dock Company. ‘‘Ship- 
building.’”’ Speaker, J. L. Warner, Engineer, 
EK. I. Dupont de Nemours & Co. ‘Dupont 
Industries in Virginia.” 

Dinner. H. G. Shirley, Chairman, Virginia State 
Section, A. S. C. E., Presiding. Speaker, Dr. 
W. A. R. Goodwin, Rector of Bruton Parish 
Chureh. ‘‘Reeonstruetion of Williamsburg.” 
Speaker, Lee Long, President, Virginia Coal 
Operators Association. ‘‘Coal Mining.” 


6:30 p. m. 
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SATURDAY, JANUARY 25TH 


Inspection of Newport News Shipyard. 

At the business meeting of the Southern Virginia Section of 
the Institute, the present officers were reelected, as follows: 
H. C. Leonard, Chairman; Cecil Gray, Secretary-Treasurer; 
S. W. Anderson and J. E. Jackson, Executive Committee. 


DEBATE HELD BY UTAH SECTION AND BRANCH 


The feature of a joint meeting of the Utah Section and the 
University of Utah Branch, held in Salt Lake City, January 13, 
1930, was a debate—‘‘Resolved: That for a city having a 
population of 100,000, a multiple incandescent street lighting 
system is better than a series incandescent street lighting 
system.”’ 

A. N. Gyer and F. J. McCluskey of the Section spoke on the 
affirmative, while the negative was upheld by Frank Young and 
R. E. Griggs of the Branch. The decision was awarded to the 
negative by unanimous vote of the judges. 


PAST SECTION MEETINGS 


Akron 
Railway Electrification, by J. V. B. Duer, Pennsylvania Railroad 
Co. Discussion followed. December13. Attendance 125. 
Public Transportation in Akron, by L. G. Tighe, Northern Ohio 
Power & Light Co. January 10. Attendance 24. 


Baltimore 
Superspeeded Speech, by J. B. Taylor, General Electric Co. 
Illustrated. January 24. Attendance 125. 


Birmingham 
Telephony Between Ship and Shore, by J. W. Relfe, Southern 
Bell Telephone and Telegraph Co.; 


The Operation of Interconnected Power Systems, by W. W. Eber- 
hardt, Alabama Power Co. January 27. Attendance 32. 


Chicago 
Major G. M. Barnes, Ordnance Dept., U. S. Army, spoke on 
the development of anti-aircraft artillery. Illustrated. 
Dinner in honor of Major Barnes preceded meeting. Joint 
meeting with the Western Society of Engineers. February 
3. Attendance 300. 
Cincinnati 
Mechanical Transmission of Power, by Walter Geist, Allis 
Chalmers Mfg. Co. Illustrated. Dinner preceded meet- 
ing. January 9. Attendance 70. 


Cleveland 
Electricity and the Universe, by David Dietz, Scientist and Author. 
January 16. Attendance 178. 


Columbus 
X-Rays by J. L. Taylor, Victor X-Ray Corporation. Film, 
“The Wizardry of Wireless.” January 17. Attendance 75. 
Electrical Details of the Coal Handling Facilities at Toledo, Ohio, 
by R. E. Rice, New York Central Railroad. January 31. 
Attendance 138. 
Connecticut 
Television, by J. O. Perrine, American Telephone and Telegraph 
Co. Illustrated with slides. January 23. Attendance 150. 


Denver 
The Electrical System of the Public Service Co. of Colorado, by 
R. F. Throne and W. D. Hardaway, Public Service Co. of 
Colorado. Illustrated with lantern slides. Dinner pre- 
ceded the meeting. January 17. Attendance 67. 
Educational Activities of Large Manufacturing Companies, by 
C. S. Coler, Westinghouse Electric & Mfg. Co. Dinner 
preceded the meeting. January 30. Attendance 37. 
Detroit-Ann Arbor 
Motoring Through Europe, by Professor A. H. Lovell, University 
of Michigan. Illustrated with slides. January 21. At- 
tendance 150. 
Erie 
The Quest of the Unknown, by Professor Harold B. 
President, A. I. E. E. Dinner preceded meeting. 
25. Attendance 70. 


Smith, 
January 


Houston 
Lightning Protection, by G. N. Pingree, General Eleetrie Co., 
illustrated with lantern slides. Meeting preceded by din- 


ner. January 23. Attendance 25. 
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Ithaca 


Automatic Train Control, by W. H. Reichard, General Railway 
Signal Co. Joint meeting with Cornell University Branch. 
Refreshments served. January 17. Attendance 130. 


Kansas City 


Visible Sound and Audible Light, by J. B. Taylor, General Elec- 
trie Co. January 17. Attendance 190. 


Modern Circuit Breaker Developments, by C. H. Sanford, West- 
inghouse Elec. & Mfg. Co. Buffet luncheon served. 
February 11. Attendance 72. 


Los Angeles 


Progress Made in Industrial Heating, by E. J. Cipperley, General 
Electric Co. Douglas, Southern California Edison 
Co., C. H. Dye, Bureau of Power & Light, and J. Max 
Lee, J. Max Lee Electrical Manufacturing Co., spoke on 
the subject of electric heating. Dinner preceded the meet- 
ing. January 14. Attendance 75. 


Louisville 


Wonders of Sound Transmission, by Sergius P. Grace, Assistant 
Vice-President, Bell Telephone Laboratories, Ine. Demon- 
strated. Joint meeting with the A. S. M. E., Engineers and 
Architects Club, and N. A.P.E. January 24. Attendance 
1100. 


Lynn 


Local Convention Program: Talks on various phases of speed 
control, by D. F. Warner, H. E. Warren, R. G. Standerwick, 
B. W. St. Clair, D. M. Jones, and C. V. Reeves. General 
discussion and demonstrations. After adjournment, a 
party of about 25 visited the power plant of the River 
Works, General Electric Co., to inspect the latest methods 
of frequency control. January 15. Attendance 305. 


Madison 


Behavior of Dielectrics, by R. R. Benedict, University of Wis- 
consin. Film, ‘‘The Largest Hydro-Generating Station 
in the World.” G. P. Steinmetz, State Water Power 
Engineer, gave some statistical data pertaining to the water 
power developments in the State of Wisconsin. January 15. 
Attendance 33. 


Mexico 
Dinner meeting. January 21. Attendance 24. 
Minnesota 


Some Developments in the General Electric Research Laboratory, 
by H. D. Sanborn, General Electric Co. January 29. 
Attendance 75. 

Niagara Frontier 

Reminiscences of Niagara’s Industrial Development, by James G. 
Marshall, Union Carbide Co. Dinner preceded the meet- 
ing. December 13. Attendance 95. 

Some Engineering Features of the Welland Ship Canal, by F. E. 
Sterns, Welland Ship Canal. The meeting was under the 
auspices of the Niagara Peninsula Branch Engineering 
Institute of Canada, Hamilton Branch E. I. of C., Engineer- 
ing Society of Buffalo, and the Niagara Frontier Section, 
ANS Me UMS IE 

Philadelphia 


Refined Heating for Residences, by Chester I. Hall, Hall Electrical 
Heating Co. Illustrated with slides. January 13. At- 
tendance 125. 


Pittsfield 


The State Line Power Station, by A. M. Rossman, Sargent & 
Lundy. January 21. Attendance 115. 
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BRANCH ORGANIZED AT PRATT INSTITUTE 

At the meeting of the Board of Directors held December 
3, 1929, the formation of a Student Branch at Pratt Institute, 
Brooklyn, N. Y., was authorized. This Branch was organized 
on February 5, 1930, and officers were elected as follows: Glen 
R. Glasscock, Chairman; R. B. Cramond, Vice-chairman; 
K. H. Stanger, Secretary; F. T. Crabb, Treasurer. A. L. Cook 
has been appointed Counselor. 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. KE. E. 


A Trip Around the World in the Graf Zeppelin, by Lieut. Com- 
mander Charles Emery Rosendahl. Illustrated with 
motion pictures. February 4. Attendance 850. 


Portland : 
Educational Activities of Large Manufacturing Companies, by 
; Coler, Westinghouse Elec. & Mfg. Co. January 14. 
Attendance 48. . 


Providence 
Power by Radio, by Phillips Thomas, Westinghouse Elec. & 
Mfg. Co. Demonstrations followed. December 4. At- 
tendance 105. 


Conowingo Power Development, by A. A. Northrop, Stone & 
Webster, Inc. Illustrated with slides and motion pictures. 
Dinner preceded the meeting. January 14. Attendance 
US. 


Rochester 


Superspeeded Speech, by J. B. Taylor, General Electric Co. 
Joint meeting with the Rochester Engineering Society. The 
meeting was preceded by a dinner in honor of the speaker 
December 10. Attendance 128. 


St. Louis 
Superspeeded Speech, by John B. Taylor, General Electric Co. 
January 15. Attendance 325. 
Schenectady 


Marine Applications of Electricity, by F. V. Smith, General 
Electric Co. January 17. Attendance 75. 
High Strength Aluminum Alloys for Producing Light Structures, 
by R. L. Streeter, United States Aluminum Co. January 
24. Attendance 75. 
Seattle 
Educational Activities of Large Manufacturing Companies, by 
: Coler, Westinghouse Elec. & Mfg. Co. January 21. 
Attendance 72. 
Sharon 


Colombia, Panama, and Ecuador, by Stephen Q. Hayes, West- 


inghouse Elec. & Mfg. Co. Illustrated. Film, ‘‘Auto 
Proving Ground.’ January 7. Attendance 196. 
Springfield 


Modern Trends in Aircraft Radio Developments, by Lewis M. 
Hull, Aireraft Radio Corporation, Boonton, N. J. LIllus- 
trated with slides.: January 13. Attendance 98. 


Toledo 
Lighter than Aircraft, by V. R. Jacobs, The Goodyear Tire & 
Rubber Co. Moving pictures describing the Zeppelin 
type of aircraft presented. Joint dinner meeting with the 
Toledo Foremans Club, Toledo Aviation Club, and the 
Affiliated Technical and Engineering Societies of Toledo. 
January 15. Attendance 500. 
The Quest of the Unknown, by Professor Harold B. Smith, Presi- 
dent, A. I. EH. E., illustrated with lantern slides. January 
24. Attendance 65. 
Toronto 
Mercury Arc Rectifier, by O. K. Marti, American Brown Boveri 
Co. Illustrated. January 10. Attendance 207. 


Worcester 
Lightning and Surge Voltage, by Alfred L. Atherton, Westing- 
house Elec. & Mfg. Co. January 28. Attendance 30. 
Inspection trip to the Worcester Gas Light Co., followed by a 
dinner at the American Steel & Wire Co. The manufac- 
ture of gas was described by A. C. Frye. Joint meeting 
with the A. S. M. E. and the Worcester Section of Chemical 
Engineers. February 7. Attendance 70. 


A. I. E. E. Student Activities 
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PAST BRANCH MEETINGS 
Alabama Polytechnic Institute 


The Gorgas Steam Plant, by J. M. Johnson, Student; 

The Automatic Reclosing Switch, by J. L. Stone, Student. 
Chairman R. F. Ham discussed plans for increasing the 
membership of the Branch. January9. Attendance 9. 


What Makes a Man’s Career Successful, by Mr. Van Blarcom, 
Westinghouse Elec. & Mfg. Co.; 


Mar. 1930 


Summer’s Work at Detroit, 


Michigan, by Eugene Walters, 
Student. 


January 30. "Attendance 42. 


- The following talks were given by Students: 


Small Electrical Contracts, by J. F. Turner; 


Sectionalization of the Alabama Power Company’s Transmission 
Lines, by R. P. Lapsley; 


The Curb Engineer, by T. N. Pyke; 
Bell Alarm System, by T. E. Curtis; 


The Electrification of the Great Northern Railway, by J. M. John- 
son. February6. Attendance 59. 


University of Arizona 
Film, ‘“Okonite Rubber Products.” December 20. Atten- 
dance 13. 
Changing Trend in Insulating Transformer Apparatus, by R. 
Goar, Student. January 10. Attendance 10. 
Deion Circuit Breaker, by O. K. Mangum, Student. 
Attendance 11. 


Beginnings of Alternating Current in America, by J. M. McBride, 
Student; 


Elevator Equipment, by K. O. Kelton, Student. 
Attendance 12. 


January 17. 


February 8. 


University of Arkansas 
Professor C. L. Farrar spoke on his work in eliminating radio 
interference for the Idaho Power Co. October 23. 


Film, “The Single Ridge.”’ Debate on the subject, ‘“Engineers 
Should Have More Electives in the College of Arts and 
Sciences.’? December 4. 


Literature and the Engineer, by James Goss; 

Opportunities for the Engineer in the U. S. Civil Service, by Guy 
Cunningham; 

Voltage Regulation at the Fayetteville Plant of the Southwestern Gas 
and Electric Co., by J. C. Howard, Student. 


G. W. Steltzlen spoke on his work with the Tesla coil he is build- 
ing. Joint meeting with the Ss. M. Branch and 
A.S.C. E. Chapter. December 18. 


Social Aspects of Public Utilities, by D. J. Morrison, Student; 
Transportation, by Mr. Crawford, Student; 
Power Developments, by B. E. Schnitzer, Student; 


Future of High Pressure in Steam-Electric Plants, by Chester 
Robinson, Student. January 15. Attendance 16. 

Photoelectricity, by Dr. Parsons, Physics Dept., accompanied by a 
demonstration of a photoelectric siren. February 5. 
Attendance 25. 


California Institute of Technology 


Recent Developments in the Theory of Conductivity, by William V. 
Houston. Meeting preceded by a luncheon. January 15. 
Attendance 19. 


University of California 


Description of the equipment for and methods used by the 
Pacific Gas & Hlee. Co., and the Great Western Power Co. 
Load Despatching Offices, by Frank D. Lord, Student. 
Dr. Reukema, Counselor, spoke on the District and National 
prizes offered by the Institute. December 4. Attendance 
30: 


Catholic University of America 


Hydroelectric Developments, by Professor T. J. MacKavanaugh, 


Counselor. Election of officers. October 11. Atten- 
dance 15. 
The Automatic Burglar Alarm, by George A. Smith, Student. 


November 15. Attendance 15. 

Engineering Achievements of 1929, by Everett C. McCleery 
Student. December 15. Attendance 15. 

Inspection Trip to the Conowingo Hydroelectric Development. 
November 19. Attendance 15. 


University of Cincinnati 


Problems Encountered in Designing the New Cincinnati Street 
Railway System, by J. Noertker, Cincinnati Street Railway 
Co. Moving pictures followed. January 22. Atten- 
dance 40. 


INSTITUTE AND RELATED ACTIVITIES 
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Clarkson College of Technology 


Problems in Naval Architecture, by John A. Ross, Head, Me- 
chanical Engineering Dept., and Dean of Administration. 
January 21. Attendance 32. 


Professor A. R. Powers, Counselor, outlined the advantages of 
Student enrolment and the plan whereby students may 
transfer to the Associate grade after graduation. February 
4. Attendance 22. 


Clemson Agricultural College 


The following papers were given by Students: 

Life of Pupin, by J. A. Graves; 

Testing Large Turbines, by A. R. Kinard; 

Growth of a Large Electrical Concern, by W.N. Foster; 
Current Events, by T. T. Smoak; 


Demonstration—Automatic Telephone Operation, by 
Sackman. January9. Attendance 34. 


The following papers presented by Students: 

George Westinghouse, by M. T. Geddings; 

Young College Men Snare Lightning, by G. B. Hagood; 
World’s Largest Convention Hall, by G. H. Epting; 
Current Events, by G. C. Hoffman; 


The General Electric Test, by G. A. Douglass. 
February 6. Attendance 34. 


Colorado Agricultural College 


Sound Picture Recording, by Kenneth Karst, Student. 
Attendance 12. 
Synchronous and Induction Motors, by Paul Linden, Student. 
January 27. Attendance 16. 


GamWe 


Illustrated. 


January 


The University of Colorado 


Mr. Shepard, U. S. Mint, spoke upon the development of new 
devices and the fields they opened up in research. Robert 
Temple, Robert Temple, Inc., demonstrated his high-veloc- 
ity gun, called the Temple High-Velocity Driver. Joint 
meeting with the A.S.M.E., A.S.C.E., and Chemical 
Engineering Society. January 16. Attendance 160. 

First Aid, by Dr. Carbon Gillaspie. January 29. Attendance 30. 

A. L. Jones and M. M. Boring, both of the General Electric Co., 
spoke on the present opportunities of students as compared 
with several years ago. Television and the Mechanical Eye, 
by H. T. Plumb, General Electric Co. February 5. At- 
tendanee 260. 


University of Denver 


Film, “The World of Paper.’ January 17. Attendance 23. 

The Achievements of the Westinghouse Hlectric & Mfg. Co. During 
the Past Year, by C. 8S. Coler, assisted by William Trudgian, 
both of the Westinghouse Elec. & Mfg. Co. January 31. 
Attendance 45. 

Television and the Electric Eye, by H. T. Plumb, General Electric 
Co. February 4. Attendance 209. ° 


University of Detroit 


Elementary Principles of Light, by H. A. Kinley, Westinghouse 
Lamp Co. Illustrated. February 6. Attendance 85. 


Drexel Institute 


Discussion of plans for the Student Conv ention in March. 
January 10. Attendance 20. 

Power Transformers, by Raymond Lapone, Student. Election of 
officers as follows: E. K. Cliver, Chairman; S. E. Harrison, 
Vice-Chairman; J. A. Kamershine, Treasurer; G. R. Bowers, 
Secretary. January 30. Attendance 26. 


University of Florida 
J. L. Sanders, Student, described his experiences while visiting 
a brick factory. M. H. Shahiman, Student, described his 
experiences in installing pipe organs. The Hihics of the 
Engineer, by Professor J. M. Weil, Counselor. February 10. 
Attendance 30. 


Georgia School of Technology 


National Broadcast Network, by J. KE. Smith, Student. 
Chairman L. B. Mann and J. R. Gilbert spoke on the con- 
vention held at VMI. December 10. Attendance 55. 


The 
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W. F. Oliver, Southern Bell Telephone Co., gave an explanation 
of the operation of the telephone. Film, ‘‘Finding His 
Voice.” January 7. Attendance 90. 


University of Idaho 


Discussion of Branch Activities. January 7. Attendance 22. 


Banquet. The Duties of an Electrical Engineer with the Operating 
Companies of the Bell System, by Clarence E. Conway. 
Wayne McCoy, President, and J. H. Johnson, Counselor, 
spoke on their experiences while attending the 1929 Pacific 
Coast Convention. January 23. Attendance 28. 


Discussion of plans for future Branch activities. February 5. 
Attendance 16. 
Iowa State College 
Northwestern Bell Telephone Co. gave a demonstration of 
Power-Are Follow-Up. January 28. Attendance 75. 
State University of Iowa 


Film, ‘‘Current Generation.” Farm Lighting Plant, by H. L. 
Lewis, Student. January 8. Attendance 36. 


Problems of Public Utilities Administration, by F. W. Meyers, 
United Light and Power Co. January 15. Attendance 30. 
Lafayette College 


Underground Methods of Laying Telephone Cables, by R. Redfield, 
Student. January 11. Attendance 17. 


Louisiana State University 


Donald H. Bond, Student, reported on the power plant Stone & 
Webster are constructing in Baton Rouge. January 19. 
Attendance 22. 


University of Louisville 


High-Frequency Quartz Crystal Oscillators, by Edward Knoop, 
Student; 


Ampere-Voltmeter Measurements, and Kilovolt-Ampere Method, 
by Charles Brody, Student; 


Recording Torque Indicator, by Andrew Offutt, Student. 
ary 25. Attendance 17. 


Janu- 


Marquette University 


Mr. Brown; T. M. E. R. & L. Co. gave a talk on a-c. networks. 
Constitution and By-laws read and discussed. January 16. 
Attendance 51. 


Michigan College of Mining and Technology 


O. Hane, Student, gave a summary of five student papers pre- 
sented at the Chicago District meeting. Professor Young 
spoke of his trip to India and his experiences while there. 
January 30. Attendance 14. 


University of Michigan 


Long Distance Cable Telephone System, by A. B. Clark, Michigan 
Bell Telephone Co. Moving pictures and slides illustrated 
the talk. January 13. Attendance 100. 


The Very Human Components of a Public Service Organization, by 
J. W. Parker, Detroit Edison Co. January 28. Atten- 
dance 100. . 


University of Minnesota 


The Quest of the Unknown, by Professor Harold B. Smith, 
President, A.I.E.E. Joint meeting with Minnesota 
Section. November 27. Attendance 300. 


The A pplication of the Photoelectric Cell to Communication, by 
J. O. Perrine, American Telephone and Telegraph Co. 


December 16. Attendance 300. 


Missouri School of Mines 


Talks by H. F. Kirkpatrick and C. J. Guin, Students, on the 
student courses offered at the Chicago Central Station 
Institute and the Union Electric Light and Power Co., 
St. Louis, Mo. January 31. Attendance 19. 


INSTITUTE AND RELATED ACTIVITIES : 


Journal A. I. EH. E. 


University of Missouri 


Generator Harmonics, by Professor A. C. Lanier. January 9), 


Attendance 21. 


Montana State College 


Henry Engle presented a lecture on the Cascade Tunnel accom- 
panied by slides. Joint meeting with the A.S.C.E. 
Chapter. 

Electric Locomotive Availability, by F. W. Bellinger, taken from 
the General Electric Review, presented by Roland Crumley, 
Student; 

The Movies Come to Life, by Carl Dreher, taken from Radio News, 
presented by James Juidici, Student; 

Electrical Operation for Elevators, by Charles R. Riter, taken from 
the Electric Journal, presented by Robert Erb, Student. 
January 16. Attendance 155. 

L. H. Means, General Electric Co. gave an outline of the ad- 
vantages graduates would find in the G. EH. Test Course; 
Joint Underground Service for Residential Area, by Clayton 
Briggs, taken from Electrical West, presented by Norman 

Hovey, Student; 

Causes of Commutator Sparking, by Marin Phillips, taken from 
Power, presented by Paul Koetitz, Student; 

An Outline of Step by Step Operation, by FE. D. Butz, taken from 
the Bell Laboratories Record, presented by William McKay, 
Student. January 23. Attendance 155. 

Konel—A_ Recently Discovered Alloy, taken from the Electric 
Journal, presented by Erwin F. Sauke, Student; 

Acoustic Correction of Auditoriums, taken from the Engineering 
News Record; 

Testing Lightning Arrester Grounds, by Edward Beck, taken from 
the Electric Journal, presented by Thomas Mica, Student. 
January 30. Attendance 155. 


University of Nebraska 


Safety for Engineers, by Mr. Kennedy, Iowa, Nebraska Light 

and Power Co. Demonstrated. Joint meeting with the 

- A. S. M. E. Branch and A. S. C. E. Chapter. January 15. 
Attendance 80. 


Radio-Telephone Program Service, by R. A. Richardson, Program 
Service Co. Talks by seven students. Election of officers 
as follows: V. L. Bollman, Chairman; L. D. Miles, Vice- 
Chairman; W. E. Stewart, Secretary-Treasurer. Dinner 
preceded the meeting. January 22. Attendance 40. 


Mock Trial, ‘The Case of Widow Smith” presented. February 
5. Attendance 150. 


Newark College of Engineering 
Television, by G. R. Ottinger, Bell Telephone Laboratories, 
Inc. Illustrated. January 20. Attendance 28. 
Recording Meters, by Charles Goelzer, Student; 


Electrical Plant Control, by William Schwerdefeger, Student’ 
January 27. Attendance 30. 


University of New Hampshire 
Moving pictures illustrating the production of rubber. 
4. Attendance 46. 
Dynamic Braking on Street Railways, by F. J. Robinson, Student; 


Hydrogen Cooled Generators, by H. I. Coldwell, Student. Janu- 
ary 11. Attendance 48. 


Frequency Changers, by A. W. Boyles, Student. General dis- 
cussion on the subject of dynamic braking. January 18. 
Attendance 46. 


The following papers presented by Students; 

Lightning Arresters, by H. Smith; 

Mercury Vapor Rectifiers, by C. Evans; 

The Ward-Leonard System of Elevator Control, by G. D. Ingham; 


The Ilgner System of Control, by H. J. Cunningham. January 
25. Attendance 43. 


Arc Welding, by M. Bowker, Student; 

Shaft Currents, by J. Carlen, Student. 
dance 44. 

A Scientific Ghost Laid, by A. G. Pinkham, Student; 


Army Searchlights and Remote Control, by D. M. Googins, 
Student. February 8. Attendance 43. 


January 


February 1. Atten- 


Mar. 1930 


University of New Mexico 
The Speed of Electricity, by Professor F. M. Denton, Branch 
Counselor. January 28. Attendance 10. 
College of the City of New York 
Election of Officers as follows: Eugene J. Erdos, Chairman; 


F’. Wodicka, Secretary; N. Stadtfeld, Treasurer. January 
14, Attendance 24. 
Inspection trip to the Hell Gate Generating Plant. February 4. 


Attendance 17. 


New York University 
The Construction, Operation, and Maintenance of Switches for 
High-Tension Work, by Hrie Salo, Student; 


Ira Weisbaum, Student, reviewed the autobiography of the late 
Benjamin G. Lamme of the Westinghouse Elec. & Mfg. Co. 
January 10. Attendance 18. 


North Carolina State College 


Advancement of Engineering Education, by C. H. Belvin, Student; 


Recent Development in Talking Pictures, by D. P. Melton, 
° Student. January 21. Attendance 45. 


University of North Carolina 


The Manufacture of Lead Covered Cables, by C. D. Hart and Mr. 
Wells, both of the Western Electric Co. Illustrated. 


North Dakota State College 


The Development of the Ultra Violet Ray Sun Lamp, by J. C. 
Langaunet, Student; 


The Life of C. F. Scott of the Westinghouse Elec. & Mfg. Co., by 
Jack Simonitch. Joint meeting with the Engineers Club. 
February 7. Attendance 54. 


University of North Dakota 


Automatic Substations, by Charles Libby, Student, illustrated 
- with slides. : 


Professor Harold F. Rice, spoke about the National and District 
ee offered by the A. I. E. E. January 15. Attendance 


Northeastern University 


The History and the Development of the Incandescent Lamp, by 
Doyle, General Electric Co. Refreshments served. 
January 14. Attendance 50. 


Notre Dame University 


Interference from Electrostatic Sources, by Paul Rist, Student; 
Radio in Aviation, by Patrick Murry, Student; 


My Conception of an Electrical Engineer, by Mr. 
Student; 


pe, by Professor Daniel Hull. January 13. Attendance 


Milliam, 


Metallurgy, by Mr. Hamill, Student, illustrated; 
Automobile Generators, by F. Loney, Student; 


Opportunities in the General Electric Co. for Graduate Engineers, 
by C. C. Adams, General Elec. Co. February 3. At- 
tendance 50. 


Ohio Northern University 


The Construction, Defects and Manners of Testing Power Cables, 
by Mr. Mertz, Student; 

Value and Uses of Audion Tubes, by Mr. Mustard, Student. 
January 9. Attendance 22. 


Ohio State University 


Dinner meeting at which Mr. Alexander, the weatherman for 
the City of Columbus explained how he determines the 
forecasts that are published daily. January 24. At- 
tendance 38. 


Oklahoma A. & M. College 


Transient Voltages on Transmission Lines, by Wilbur Slemmer, 
Student; 

The Ideal Lightning Arrester, by Paul Matheson, Student. 
February 6. Attendance 15. 


INSTITUTE AND RELATED ACTIVITIES 
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University of Oklahoma 


Discussion of plans for the electrical show to be held in March. 
February 4. Attendance 20. 


Oregon State College 


Talks by Chairman Ben Griffith and Professor F. O. McMillan, 
Counselor, on the advantages of Student enrolment in the 
Institute. A film was shown describing the manufacture 
of insulated copper conductors. Refreshments served. 
January 9. Attendance 32. 


Pennsylvania State College 
Three students spoke on their past experiences in the electrical 
field. January 14. Attendance 14. 
My Automobile Camping Trip to the West and Back, by Ernest 
Axman, Student. January 21. Attendance 30. 
University of Pennsylvania 


Discussions of plans for Electric and Radio show. October 31. 
Attendance 29. 


Meeting called for the purpose of acquainting the students with 
the apparatus to be used at the Electrical Show. Novem- 
ber 7. Attendance 31. 


Discussion of plans for increasing the membership of the Branch. 
December 19. Attendance 22. 


Discussion of plans for banquet to be held in February and also 
the Student Branch convention to be held at Lehigh on 
March 14. January 16. Attendance 25. : 


University of Pittsburgh 
Network System in Pittsburgh, by C. T. Sinclair, Duquesne Light 
Co. January 9. Attendance 71. 


A Short Résumé of the Student Conference held on January 17, 
by J. K. Ely, Student; 


Rubber, by F. R. Reed, Student. 


Pratt Institute 


Illustrated lecture by A. F. Corby, Jr., Weston Electrical Instru- 
ment Corp., showing the construction details of the meters 
manufactured by this company. February 13. Atten- 
dance 150. 

University of South Carolina 

Inspection trip through the Southern Bell Telephone Exchange 

of Columbia. January 3. Attendance 35. 


The Engineering Graduate of the Past Compared and Contrasted 
with Those of Today, by Dean W. E. Rose. January 8. 
Attendance 22. 


Television, by L. EK. Rankine, Student; 
Recent Economic Developments, by C. H. Bryan, Student; 


Armature Reactions, by C. H. Frick, Student. January 17. 
Attendance 23. 


Business meeting. February 6. Attendance 19. 


South Dakota State School of Mines 
Two films, “Are Welding’ and ‘Electrical Measuring Instru- 
ments.’ February 6. Attendance 26. 
University of South Dakota 


The Spectrohelioscope and Its Place in Solar Research, by H. 
Lovejoy, Student. January 6. Attendance 8. 


The Elementary Principles of Radio Communication, by Herbert 
Scholes, Student. January 20. Attendance 7. 


Film, ‘‘Through Oil Fields of Europe and Africa.” January 21. 


University of Southern California 
Business meeting. January 8. Attendance 23. 
Nomination of officers. January 15. Attendance 26. 
Election of officers as follows: George Robertson, Chairman; 
Clair Black, Vice-chairman; Louis H. Hendrixson, Secre- 
tary;Stewart Scott, Treasurer. January22. Attendance 27. 
Southern Methodist University 
Home Made Rectifiers for the Radio, by Henry Gable, Student; 


Highway Crossing Signals, by Ben J. Beaird, Student. Election 
of officers as follows: Ben J. Beaird, Chairman; D. J. 
Tucker, Secretary. January 7. Attendance 16. 


Swarthmore College 


An Analytic Consideration of Induction Generator Phenomena, 
by George B. Hoadley, Student; 


January 23. Attendance 68. 
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An Analysis of Centrifugal Pumps and their Relations to Water 
Systems, by Stanley I. Winde; 

An Investigation of the Characteristics of Vacuum Tubes, by David 
C. Haskell, Student. January 17. Attendance 19. 


Texas Technological College 


Election of officers as follows: William E. Street, Chairman; 
Charles E. Houston, Vice-Chairman; Wilbur L. Pearson, 
Secretary-Treasurer; Dean William J. Miller nominated for 
Counselor. January 8. Attendance 23. 

Executive Committee meeting. Committee appointments an- 
nounced. January 13. Attendance 7. 


Adoption of By-laws. January 15. Attendance 21. 


University of Utah 


Debate with Utah Section. See complete report in Section 
‘Activities Department of this issue. January 13. At- 
tendance 50. 

Banquet in honor of H. L. Means, General Electric Co. 
ary 20. Attendance 24. / 

Luncheon in honor of C. S. Coler, Manager, Educational Dept., 
Westinghouse Electric & Mfg. Co. January 24. Atten- 
dance 23. 

D. A. Lyon, U.S. Bureau of Mines, delivered a lecture on some 
of his own experiences in metallurgy. February 4. At- 
tendanee 18. 


Janu- 


University of Vermont 
Engineering Achievements of the Year 1929, by A. E. Merrill 
and L. M. Donahue, Students. February 10. Attendance 14. 
Soldering Metal and Porcelain, taken from the Electric Journal, 
presented by J. Willis, Student; 
Elecironic Rectifiers, by Professor R. O. Buchanan. 
January 14. Attendance 15. 


Illustrated. 


Virginia Polytechnic Institute 
Electricity in Industry, by W. J. Pritchard, Student; 
Life of Charles P. Steinmetz, by G. E. Brugh, Student; 


On G. E. Test, by C. V. West, Student. January 31. 
tendance 21. 


At- 


University of Washington 


Mr. DeSellum, Westinghouse Elee. & Mfg. Co. gave a talk on 
transformers, illustrated with lantern slides. January 10. 
Attendance 24. 


Worcester Polytechnic Institute 


William Locke, Jr., Student, spoke on his experiences while 
employed with the New York Telephone Co.; 


Edwin Harper, Student, spoke on his experiences while em- 
ployed by the Westinghouse Klee. & Mfg. Co. Refresh- 
ments served. January 20. Attendance 20. 


University of Wyoming 


Election of officers as follows: Roy A. Buckmaster, Chairman; 
Warren Hicks, Vice-Chairman; Jack E. Surline, Secretary- 
Treasurer. November 20. Attendance 13. 


L. Probst, gave an address on practical problems in the tele- 
phone industry. January 21. Attendance 12. 


Yale University 


Five-reel film showing the preparation and use of dynamite. 
Joint meeting with the A. S. M. E. Branch. January 7. 
Attendance 54. 


Railway Blocks and Signals, by Donald Crawford, Student; 


Patents and the Patent Situation, by S. K. Oliver, Student. 
January 14. Attendance 16. 


W.S. Murray, Murray and Flood, gave a detailed description 
of the planning and engineering of the Saluda Dam, near 
Columbia, So. Carolina. Illustrated with slides and motion 
pictures. February 10. Attendance 100. 


Addresses Wanted 


A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Any member knowing the 
present address of any of these members is requested to communi- 
cate with the Secretary at 33 West 39th St., New York. 

All members are urged to notify Institute headquarters 
promptly of any changes in mailing or business address, thus 
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relieving the member of needless annoyance and assuring the 

prompt delivery of Institute mail, through the accuracy of our 

mailing records and the elimination of unnecessary expense for 

postage and clerical work. “ 

Asavaid, KE. H., 146 B. Princess St., Bombay, India. 

Bakker, J. B., 440 Hyde St., San Francisco, Calif. 

Ball, Marshall T., 1017 Race St., Phila., Pa. 

Birdsall, W. T., 6 Vincent Place, Montelair, N. J. 

Brown, Garry E., 1280 Dean St., Brooklyn, N. Y. 

Chin, Lung C., 200 Claremont Ave., Apr. 57, New York, N. Y. 

Chitty, Wm. C., 2514 El Paseo, Granada Park, Alhambra, Cal. 

Collinot, Marcel A., F. W. V. Rm. 1050, 11 W. 42nd St., New 
York. 

DeCamp, H. H., 414 Ella St., Wilkinsburgh, Pa. 

Degener, F. S., 1015 Casgrain Ave., Detroit, Mich. 

De Salis, H. W., Box 66, Fort Frances, Ont., Can. 

Dunean, W. C., 1121 Bedford Ave., Brooklyn, N. Y. 

Eaton, T. O., 6523 Reedland St., Phila., Pa. 

Fick, Ernest, A. T. & T. Co., 412S. Market St., Chicago, Ill. 

Fortin, R. P., Elec. & Gas Inspection Ser., 125 Prince William St., 
St. John, N. B., Can. 

Gates, R. H., Century Elec. Co., 1806 Pine St., St. Louis, Mo. 

Gatternigg, R., Minarets, Calif. 

Gioga, Peter, Metropolitan Sound Studios, 1040 N. Las Palmas, 
Hollywood, Calif. 

Goldsborough, James, 50 Church St., Rm. 1272, New York. 

Gorrissen, Chas., Hermannstrasse 38, Hamburg, Germany. 

Grenfell, Richard R., 442 6th St., Brooklyn, N. Y. 

Hamrick, G. R., Sweetwater, Tex. 

Hardey, John E., Nat’l. Electrical & Engg. Co., Ltd., Box 1055, 
Wellington, N. Z. 

Hedeby, H. V., P. O. Box 414, Sharon, Pa. 

Hershey, H. H., Midwest Athletic Club, Madison St. & Hamlin 
Ave., Chicago, II. 

Hyatt, C. Brown, Camac and Medary Sts., Philadelphia, Pa. 

Irvine, H. B., 1 Union St., Schenectady, N. Y. 

James, Edgar A., 9128S. Poplar St., Allentown, Pa. 

Jeong, J. Y., 49 Mott St., New York, N. Y. 

Keegan, W. G.. 767 Maple Ave., Los Angeles, Calif. 

Kirkland, E. H., 6701 Cregier Ave., Chicago, Ill. 

Klien, F. A., 1215 Locust St., Philadelphia, Pa. 

Matthews, R. F., 123 Livingston St., Brooklyn, N. Y. 

MeDougall, D. J., 1501 W. Pierce St., Phoenix, Ariz. 

Nims, F. D., 70 State St., Boston, Mass. 

Noome, C., Catharijnesingel 33, Utrecht, Holland. 

Patrick, R. A., 425 Granite St., Reno, Nev. 

Peck, W. G., R. C. A. Photophone, Ine., Ser. Eng. Dept., 
411 5th Ave., New York, N.Y. 

Quaas, Richard T., 545 W. 156 St., New York, N. Y. 

Richman, S. L., 6823 McPherson Blvd., E. Pittsburgh, Pa. 

Rivers, H. D., 298 Central Ave., Lynbrook, L. I., N. Y. 

Sachse, A. O., 87 Court St., Newark, N. J. 

Saliba, G. J., 311 86th St., Brooklyn, N. Y. 

Schnug, Geo. J., 9 Garrison Ave., Jersey City, N. J. 

Schwartz, Carl, Int’l. Combustion Engg. Corp., 200 Madison 
Ave., New York, N. Y. 

Singer, R. H., 2214 Auburn Ave., Cincinnati, Ohio. 

Slaboski, H. T., 1441 Main St., Northampton, Pa. 

Smedberg, O. L., 916 12th St., Oregon City, Ore. 

Stone, Walter, 4501 Malden St., Chicago, III. 

Svensson, Gerhard, ¢/o Amer. Express Co., 65 Broadway, New 
Wrong, IN, WY 

Syed, Mustafa, 960 S. 9th St., Noblesville, Ind. 

Tsatsaron, Nicholas, Central Restaurant, 300 W. 40th St., 
New York, N. Y. 

Velasco, L. R., Apartado 8, Canargo, Cheh, Mex. 

Vogeli, R., Byllesby Eng. & Mngt. Corp., Pittsburgh, Pa. 

Wallis, C. W., 365 Willow St., Waterbury, Conn. 

Watts, W. KE. G., General Delivery, San Francisco, Calif. 

Wheeler, R. E., 8345 W. 58th St., New York, N. Y. 
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_ The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in its field. 
ninth St., New York. ; 


It 1s administered for these founder societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 
It 1s housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 


those interested. 
understand clearly what is desired. 


In asking for information, letters should be made as definite as possible, so that the investigator may 


The library is open from 9 a.m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August, when the hours are 9 a. m. to & p.m. 


BOOK NOTICES, JANUARY 1-31, 1930 

Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume re- 
sponsibility for any statement made; these are taken from the 
preface or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 
AGENDA Dunop, 1930. 

Automobile, by G. Lienhard. 

Chemins de Fer, by P. Place. 

Construction Mécanique, by J. Izart. 

Electricité, by L. D. Foureault. 

Métallurgie, by A. Roux. 

Physique Industrielle, by J. Izart. 

Paris, Dunod, 1930. 6 v., illus., tables, 6x4 in., bound, 
20,50 fr. each. 

These pocket-books, which are revised each year, are prepared 
with the ordinary requirements of designers, builders, and opera- 
torsinmind. Each volume contains the mathematical formulas, 
physical and chemical constants, and general data frequently 
needed. The size is an actual pocket size. The amount of 


information supplied is remarkable, in view of the surprisingly 
low price of the volumes. 
ANALYSE Des Mféraux par ELECTROLYSE. 

By A. Hollard and L. Bertiaux. 4th edition. Paris, Dunod, 
1930. 232 pp., diagrs., 10x 7 in., paper. 62,50 fr. 

In addition to giving detailed descriptions of methods and 
apparatus for analyzing metals, alloys and commercial products, 
this manual sets forth the general principles, studies, and general 
methods of electrolytic separation and deposition of metals and 
discusses electric generators, ete. Although primarily devoted 
to electrolytic methods, other methods of analysis are described 
in cases where they are better. 

APPARPILLAGE EKLEecTRIQUE HautTr TENSION. 

By Charles Bresson. Paris, Dunod, 1930. 460 pp., illus., 
diagrs., tables, 10 x 7 in., paper. 115,50 fr. 

Treats of circuit-breakers and protective apparatus for high- 
tension lines. Such problems as insulation, heating, and short- 
circuit phenomena are discussed both theoretically and in 
relation to the construction of apparatus. The types of ap- 
paratus used are described. 

Dir ASYNCHRONEN WECHSELFELDMOTOREN. 

By Gustav Benischke. 2d edition. Berlin, Julius Springer, 
1929. 123 pp., diagrs., 10x 7 in., paper. 11,40 r. m. 

After an introductory discussion of general principles, chap- 
ters are devoted to series-wound, shunt-wound, repulsion and 
commutatorless alternating-flux induction motors. Torque, 
power, sparking, electric braking are considered. 

Arias Meraututoararuicus, Lief. 6 & 7, Tafel 41-56. 

By Hanemann and Schrader. Berlin, Gebrider Borntraeger, 
1929. Plates, 11 x8 in., paper portf. 7.-r. m. each. 

These two new sections of this atlas contain 128 photo- 
micrographs showing the effect of various heat treatments on 
the structure of iron and steel. Full information concerning 
the composition, heat treatment, and etching is given in each 
ease. The specimens are beautifully reproduced. 


YEARBOOK ON Coat Ming Mecuanization. 1929. 

By American Mining Congress. Edited by G. B. Southward. 
Washington, D. C., American Mining Congress, 1929. 390 
pp., illus., 9x 6 in., fabrikoid. $3.00. 


Contains papers and reports by mine operators on various 
phases of mechanical mining and loading equipment. The 
present status of mechanization, power, ventilation, pillar 
recovery, safety and the effect of mechanized loading on mining 
methods are discussed. Reports are included on the status of 
mechanization here and abroad, on actual mining operations 
with loading and mining equipment, and on the types of equip- 
ment inuse. A bibliography for the years 1920-29 is given. 
BALANCING OF ENGINES. 

By W. E. Dalby. 4th edition. N. Y., Longmans, Green 
& Co., 1929. 321 pp., illus., diagrs., tables, 9x6 in., cloth. 
$8.40. 

A presentation of Professor Dalby’s well-known method of 
solving balancing problems and finding balancing weights. 
Changes in the new edition include new chapters on the vibra- 
tion of railway bridges and on the balancing of internal-com- 
bustion engines; a rewriting and extension of the chapter on 
locomotive balancing, as well as minor improvements and 
additions. 

Bripges; a Study in their Art, Science, and Evolution. 
By Charles 8. Whitney. N. Y., William Edwin Rudge, 1929. 


363 pp., illus., plates, 12x9 in., cloth. $20.00. (Kdition 
limited to 2000 copies). 
This beautiful volume will meet a number of needs. It dis- 


cusses the application of fundamental architectural principles 
to bridge design and eriticism, and pleads for the training of 
civil engineers in these principles. It reviews the development 
of bridge building from the earliest time to the present. It 
offers, in its four hundred plates, a remarkable pictorial review 
of artistic bridges of all ages and materials. The book will 
delight every bridge engineer. 


Tue CALcuuLus. 
By Hans H. Dalaker and Henry E. Hartig. N. Y., MeGraw- 
Hill Book Co., 1930. 254 pp., 9x6in., cloth. $2.25. 


A beginning course in ealeulus which develops the principles 
and methods hand in hand with their application to carefully 
selected problems. 

ComeraGe DE L’Enercrn ELectrigub EN CouRANTS ALTER- 
NATIFS. 

By J. Tartinville. Paris, Dunod, 1930. 
tables, 10x 7 in., paper. 39.-fr. 

The author treats of the imperfections of meters, the factors 
that influence their exactness, methods of calibrating and 
regulating, maintenance, etc. Special attention is given to 
accuracy under light loads. 'The book aims to facilitate the 
choice of proper meters for given conditions. 


154 pp., diagrs., 


DAMPFTURBINENSCHAUFELN. 


By Hans Krier. Berlin, Julius Springer, 1980. 132 pp., 
illus., diagrs., tables, 10x 7 in., paper. 15.-r. m. 

A treatise on steam-turbine blades, based on long experience 
in their manufacture. After a brief discussion of profiles, the 
author takes up the requirements of blade materials, the selee- 


tion of materials, the properties of the metals and alloys used, 
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methods of working, damages during operation, and methods of 
testing and inspecting. 
Desien or EvecrricaL APPARATUS. 

By John H. Kuhlmann. N. Y., John Wiley & Sons, 1930. 
455 pp., illus., diagrs., tables, 9x 6 in., cloth. $6.00. 

This text-book aims to give a clear, simple presentation of a 
practical method of design, with explanations of theory, pro- 
cedure, and limits of design. The methods and presentation 
are based on experience as teacher and designer. D-c. machines, 
synchronous machines, induction motors, and transformers are 
successively treated; the construction of the apparatus, and the 
formulas and procedure outlined in each ease, and illustrated by 
complete sample calculations. 

DiatoMacrous Harta. 

By Robert Calvert. 
(American Chemical Society. Monograph series.) 
illus., diagrs., 9x 6 in., cloth. $5.00. 

Offered, according to the author, as ‘“‘a description of the 
present day industry of diatomaceous earth, an interpretation 
of the literature in the light of experience, and an indication of 
needed discoveries.” It affords a useful survey of the industry, 
covering occurrences of the earth, methods of mining and_pre- 
paring, physical properties, and its uses as a filtering medium, 
a heat insulator, an absorbent, and for various minor purposes. 
DieLtrctric PHENoMENA IN HicuH-VouTaAce ENGINEERING. 

By F. W. Peek, Jr. 3d edition. N. Y., MeGraw-Hill Book 
Co., 1929. 410 pp., illus., diagrs., tables, 9x 6in., cloth. $5.00. 

The purpose of this well-known book, to present the properties 
of gaseous, liquid, and solid insulations, and to show by what 
methods these properties can best be utilized in_ high-voltage 
engineering, remains as in previous editions. This edition, 
however, has heen thoroughly revised in the light of the data 
that have been acquired through laboratory and field experience. 

New material includes the results of recent study of corona, of 
the impulse breakdown of gases, of the breakdown of insulation, 
and of sparkover voltages at very high voltage. A chapter on 
lightning has also been added. 

DYNAMISCHE UND STATISCHE ZUGVERSUCHE AN ALUMINUM- 
EINZELKRISTALLEN. 

By J. Weerts. (Forschungsarbeiten....heft 323). Berlin, 
V. D. I. Verlag, 1929. 20 pp., illus., diagrs., 12 x 8 in., paper. 
4.-r. m. 

An investigation of the reasons for the observed effect of 
speed of deformation of ductile metals upon their resistance to 
deformation. For this purpose, the author investigated the 
behavior of large aluminum erystals when subjected to various 
tests of their tensile strength. New light was obtained upon 
the phenomena of crystal deformation and resistance. 
Errects or MoisturE ON CHEMICAL AND PHYSICAL CHANGES. 

By J. W. Smith. N. Y., Longmans, Green & Co., 1929. 
(Text-books of physical chemistry). 235 pp., illus., diagrs., 
tables, 9x 6in., cloth. $5.00. 

It has long been known that small quantities of water exercise 
a most important catalytic effect on the velocity of many chemi- 
cal reactions, and in recent years attention has been ealled to 
remarkable phenomena that appear when solids and liquids are 
dried very intensively. Minute traces of moisture, it has been 
found, enormously influence the physical properties. 

The available data upon the effects of removing water vapor 
from chemical systems are collected in the present work and 
correlated as far as is possible at present. Students of physics 
and physical chemistry will find it a useful summary of a curious 
and puzzling group of phenomena. 

Evectric System HAnpBoox. : 

By Clarence Herbert Sanderson, editor-in-chief. N. Y., 
McGraw-Gill Book Co., 1930. 1167 pp., illus., diagrs., tables, 
7x4in., fabrikoid. $5.00. 

An analysis and description of modern systems for generating, 
transmitting and distributing electric power, intended for stu- 
dents and operators. Higher mathematics is avoided. The 
generating ‘stations, the transmission system, substations for 
various purposes, distribution, protection, inspection, mainte- 
nance, auxiliary equipment, switchboards, and motors are 
discussed from a practical point of view. 


N. Y., Chemical Catalog Co., 1930. 
251) “spp: 


E.xctrriciry Suppty TRANSFORMER SYSTEMS AND THEIR 
OPERATION. 

By William T. Taylor. Lond., Charles Griffin & Co., 1929. 

243 pp., illus., diagrs., tables, 9x6 in., cloth. 20s. (Gift of 


Author.) 
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This book is not concerned with transformer design or con- 
struction, but with the practical questions that arise after the 
transformer has left the factory. The author discusses the rela- 
tive advantages of grounding versus insulating the neutral 
point, of polyphase versus single-phase units, of delta and star 
connections, of core and shell type units, of multiple grounding 
versus grounding at the supply end only, and a number of other 
questions which arise before the operating engineer. Attention 
is centered upon three-phase and single-phase systems, except 
for one chapter upon phase transformation involving the two- 
phase system. 

ELEeKTrRo-WERKZEUGE KLEINWERKZEUGMASCHINEN Mit EINBAv- 
MOTOR UND BircsaME WELLEN. 

By Hans Fein. Berlin, Julius Springer. 
illus.,9x6in., paper. 6,90r. m. 

Describes a wide variety of portable and bench drills, saws, 
planers, hammers, and other tools. The construction and uses 
are explained, data are given as to capacity, and suggestions 
made as to choice for any purpose. 

ELEKTROBETRIEB IN DER TEXTILINDUSTRIE. 

By Wilhelm Stiel. Leipzig, S. Hirzel, 1930. (Elektrizitat 
in industriellen Betrieben, bd. 8). 652 pp., illus., diagrs., 
tables, 10x 7 in., paper. 33.-r. m. 

A comprehensive survey of the advantages of motor drives for 
textile machinery. The various processes of spinning and weaving 
are taken up one by one, and the selection and application of motor 
discussed. The book is not only a textbook on a branch of 
electrical engineering, but also a useful treatise on textile ma- 
chinery and processes. 

ELEMENTS OF ENGINEERING THERMODYNAMICS. 

By James A. Moyer, James P. Calderwood, and Andrey A. 
Potter. 4th edition. N. Y., John Wiley & Sons, 1929. 195 
pp., diagrs., 9x 6in., cloth. $2.50. ; 

Aims to bring out the principles of the subject and the practical 
applications of those principles to steam turbines, internal 
combustion engines, refrigeration, and similar subjects. The new 
edition has been revised and in part rewritten. 

Entwourr unp Bau VoN SCHALTANLAGEN FUR DREHSTROM- 
KRAFTWERKE. 

By Johann Waltjen. Berlin, Julius Springer, 1929. 268 
pp., illus., diagrs., tables, 11 x 8 in., bound. 39.-r. m. 

A text and reference book intended for students and designers. 
The layout of connections, instruments, and apparatus, and the 
design and construction of switchgear are treated from a practical 
point of view, with numerous practical examples. 
Der ErRpscHiuss UND SEINE BEKAMPFUNG. 

By G. Oberdorfer. Wien, Julius Springer, 1930. 
illus., diagrs.,9x6in., paper. 12,50 r. m. 

_ Discusses grounds in high-tension circuits and their preven- 
tion, from the point of view of the practical engineer. Attention 
is given to the mathematical treatment of grounding problems 
and to theory and practise in discovering, preventing, and re- 
moving them. A list of important German patents is included. 
Gasrous ComBustTion at Hign PreEssurnEs. 

By William A. Bone, Dudley M. Newitt, and Donald T. A. 
Townend. Lond. & N. Y., Longmans, Green & Co., 1929. 396 
pp., illus., diagrs., tables, 10 x 7 in., cloth. $15.00. 

This book is to be regarded, the authors state, as completing 
the review of the principal researches on flame and combustion 
from the time of Robert Boyle to the present which was begun 
with their ‘Flame and Combustion in -Gases,’’ published two 
years ago. It is chiefly concerned with the researches that have 
been carried out during the past 20 years by Dr. Bone and his 
collaborators. That work comprised the study of hydrogen-air, 
carbonic oxide-air, and methane-air explosions at initial pres- 
sures between 3 and 175 atmospheres, with the development of 
suitable apparatus for the investigation. An extensive bibli- 
ography and a convenient summary of the principal data relating 
to compressibilities of gases are appended. 

GurocurmiscHE Migration per HuEMENTD. 

By A. Fersmann. (Abhandlungen zur praktischen Geologie 
und Bergwirtschaftslehre, bd. 18). Halle (Saale), Wilhelm 
Knapp, 1929. 116 pp., illus., maps, tables, 9x6 in., paper. 
10,20 r. m. 

Dr. Fersmann aims to present the fundamental principle of 
geochemistry, the migration of chemical elements, by a discus- 
sion of concrete cases. For this purpose he has selected four 
mineral regions in Russia and Asia which have been recently 
explored by the Leningrad Academy of Science. 


19292 pps, 


165 pp., 
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The present volume contains a general discussion of the 

problems of topo-mineralogical investigation, and an account of 
geochemical migration of elements under magmatic and peg- 
matic-pneumatolytic conditions as illustrated on the Kola 
peninsula and in the Ural emerald mines. 
GESCHLICHTLICHE EINZELDARSTELLUNGEN AUS DER ELEK- 
TROTECHNIK, edited by Elektrotechnischen Verein E. V., bd. 
2; Die geschichtliche Entwicklung der Hochspannungs- 
Schalttechnik. 

By Max Vogelsang. Berlin, Julius Springer, 1929. 
illus., diagrs., 9x6 in., paper. 21,-r. m. 

_ This work traces the evolution of high-tension switchgear from 
its first use in 1886 down to the year 1914. The author has 
brought together a great amount of information not easily found 
elsewhere, and arranged it systematically. Many illustrations 
and drawings add to the value of the book. 

Heart Loss ANnatysis. : 

By E. A. Uehling. N. Y., McGraw-Hill Book Co., 1929. 
241 pp., diagrs., tables, 8x 5 in., cloth. $2.50. 

The heating value of the amount of coal that contains a pound 
of carbon is the same, within practical limits, for all coals of the 
same type. Taking advantage of this property, the author has 
developed simple formulas for calculating and analyzing the 
heat losses in a boiler plant. This book, which is intended for 
the boiler operating staff, explains in simple language the pro- 
cesses of combustion and heat absorption, shows how the 
recorded data can be resolved into the corresponding heat losses, 
and describes methods for applying the results to control 
operations. 

HicH-VoLtTaGe CaBuzs. 

By P. Dunsheath. N. Y., Isaac Pitman & Sons, 1929. 
pp., illus., diagrs., 9x 6in., cloth. $3.00. 

This volume, based on a course of lectures delivered at Uni- 
versity College, London, aims to present a concise general state- 
ment of the present state of cable design and operation, with 
some indications of probable lines of development. It discusses 
successively primary dielectric properties, dielectric loss and 
power factor, stress and breakdown, the physical properties of 
impregnated-paper cables, multi-core ‘and single-core cables, 
current rating and stability, joints and terminals, and special 
cables and systems. The author is Research and Technical 
Manager to the W. T. Henley’s Telegraph Works Company. 


Inrropuctrory Mrcuanicau DRAWING. 

By Clarence E. Townsend and Stephen F. Cleary. N. Y., 
John Wiley & Sons, 1930. 302 pp., illus., diagrs., 9 x 6 in., 
cloth. $3.00. 

A carefully planned course, intended to give the basic theory 
and to train the student in practical work. The book is based on 
the course given in the College of Engineering, Cornell 
University. 

KoOMPENSIERTE UND SYNCHRONISIERTE ASYNCHRONMOTOREN. 

By H. F. Sehait. Berlin, Julius Springer, 1929. 104 pp., 
illus., diagrs., 10x 7in., paper. 10, 50 r. m. 

A text on the theory and design of these motors. 

Diz Korrosion, Bd. 1; Allgemeiner und theoretischer Teil. 

By O. Kréhnke and W. Beck. Lpz., 8. Hirzel, 1929. 
pp., illus., tables, 9x6in., paper. 16.-r.m. 

The first volume of an elaborate monograph on corrosion and 
protection corrosion, which will give special attention to the 
extensive German literature on those subjects. The present 
section is devoted to the general and theoretical principles. 
Corrosion is discussed from the point of view of physical chemis- 


176 pp., 


161 
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try, and its phenomena are traced to basie principles. A valuable 
bibliography is given. 
Derr KostTENINGENIEUR. 

By F. Zeidler. Berlin, V.D.I. Verlag, 1929. 176 pp., 


graphs,8x6in., paper. 10.-r.m. 

A discussion of the fundamentals of cost accounting, from the 
engineering point of view, intended for managers and operators. 
It discusses the purpose, processes, and results of cost accounting 
and points out the ways in which the engineer may make them 
useful to him. 

Dar LANDMASCHINENBAU Hernricu Lanz A. G. Mannuem. 

By M. Hofer. (Musterbetriebe Deutscher Wirtschaft,. bd 10), 
Berlin, S. Hirzel, 1929. 97 pp., illus.,9x6in., boards. 2,75 r. m. 

A well-illustrated description of the agricultural implement 
works of the Heinrich Lanz A.-G. at Mannheim. The origin and 
growth of the firm are described and the present business and 
operating organization explained fully. 
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Mareriats Hanpiing EQuipMENT. 

By Edward J. Tournier. N. Y., McGraw-Hill Book Co., 
1929. (Industrial Management series). 371 pp., illus., diagrs., 
9x6in., cloth. $4.00. 

Intended as a guide to the prospective user of machinery for 
handling materials, this book discusses the results obtained by the 
use of the usual devices, the ways in which they have been 
adapted to different uses, and methods of selecting-the proper 
devices for specific cases. A wide survey of current methods and 
equipment is provided. 

Mara.u unp LEGIERUNGSKUNDE. 

By M. v. Schwarz. 2d edition. Stuttgart, Ferdinand Enke, 
1929. 383 pp., illus., diagrs., tables, 11x 8in., paper. 26.-r. m, 

This revised and enlarged reprint of the article on metals and 
alloys in Dammer’s ‘‘Chemische Technologie der Neuzeit’’ is a 
remarkably full, compact description of these substances. A 
valuable feature is an alphabetical list of three hundred common 
alloys, with their compositions. An exceedingly valuable work 
of reference. 

MINERALOGY. 

By Sir Henry A. Miers. 2d edition revised by H. L. Bowman. 
Lond. & N. Y., Macmillan & Co., 1929. 658 pp., illus., diagrs., 
tables, 9x6in., cloth. $8.50. 

In this revision of Sir Henry Miers’ well-known treatise, the 
original plan and most of the original text has been retained. 
The new edition is, however, about one-eighth larger than the 
former one, and recent advances in the subject have been in- 
corporated throughout. 

The book aims to present to the student the essential properties 
of minerals and the methods by which they are investigated, ac- 
companied by a description of the more important species. The 
erystalline and general properties of minerals, the relationships 
between chemical composition and properties, the intimate 
structure of erystals, and the description and determination of 
minerals comprise the first section. In the second is a readable 
description of the more important species. 

PracticaL Rap1o CONSTRUCTION AND REPAIRING. 

By James A. Moyer and John F. Wostrel. 2d edition. 
N. Y., McGraw-Hill Book Co., 1930. 353 pp., illus., 8 x 5 in., 
eloth. $2.50. 

A manual of information for amateur builders, owners of 
radio sets, and repair men. The new edition has been revised 
in accordance with recent developments of the art, and a lengthy 
chapter on testing and repairing added. The directions are clear 
and practical and cover all ordinary needs. 

PRINCIPLES OF ELECTRICAL ENGINEERING. 

By William H. Timbie and Vannevar Bush. 2d edition. 
N. Y., John Wiley & Sons, 1930. 595 pp., illus., diagrs., 8 x 5 in., 
cloth. $4.50. 

A text-book for college students which is confined strictly to 
basic principles and is introductory to detailed courses on elec- 
trical machinery. Special features are the space given to the 
magnetic circuit, the free use of the electron theory, the inclusion 
of the subjects of thermionic emission and conduction through 
gases, the treatment of dielectrics and the large number of 
problems from practise. The authors are professors at the 
Massachusetts Institute of Technology. 
PRINCIPLES OF RapDIo. 

By Keith Henney. N. Y., John Wiley & Sons, 1929. 477 
pp., illus., diagrs., tables, 8x 5in., cloth. $3.50. 

A clear, logical presentation of radio engineering. Starting 
with the necessary fundamentals of electricity, the various prob- 
lems of radio reception and radio apparatus are discussed in 


detail. The book is intended for home study, as well as for class 
use. Numerous problems are given. Only simple mathematics 
is used. 


RONTGENOGRAPHIE DER METALLE UND [HRER LEGIERUNGEN. 


By M. C. Neuburger. Stuttgart, Ferdinand Enke, 1929. 

Sammlung chemischer und chemisch-technischer Vortrage 

> ’ 

n.f. heft 1). 278 pp., illus., diagrs., tables, 10 x 7 in., paper. 
25.-r. m. 

The data on the structure of metals and alloys which various 
investigators have obtained by using X-rays are here summarized 
and presented systematically. Fifty-nine systems and twenty 
metals are included. A lengthy bibliography is given. The 
compilation will be useful to metallographists. 
SELEKTIV-SCHUTZEINRICHTUNGEN FUR HocHsPpANNUNGSAN- 


LAGEN. 
By M. Walter. 


illus., diagrs.,9x6in., paper. 7.-r. m. 


Min. u. Ber., R. Oldenbourg, 1929. 128 pp., 


248 


A brief discussion of the comparative merits of different types 
of selective protective devices, with instructions for planning pro- 
tective systems for high-tension lines. 

Suipways TO THE SEA; Our Inland and Coastal Waterways. 

By Ernest S. Clowes. Baltimore, Williams & Wilkins Co., 
1929. 196 pp.,ilus.,9x6in., cloth. $4.50. 

Students of transportation and economies will find in this book 
a very convenient account of the development and present condi- 
tion of American waterways. Each of the great systems is 
reviewed and the plans for their improvement and union into a 
great general system are discussed critically. 


STATIK DER TRAGWERKE. 


By Walther Kaufmann. 2d edition. (Handbibliothek fur 
Bauingenieure). Berlin, Julius Springer, 19380. 322  pp., 
diagrs., 10x 7in., cloth. 19, 50r.m. 


Presents the theory of the subject as applied to both statically 
determinate and indeterminate structures. Does not purport to 
be a compendium of all possible methods of caleulation, but 
rather to be a reference work for the practising engineer, which 
will meet practical needs concisely. 

TECHNISCHE HLEKTROCHEMIDE. 

By Kurt Arndt. Stuttgart, Ferdinand Enke, 1929. 
illus., 10x 7in., paper. 52.-r. m. 

A wide survey of electrochemical methods for producing and 
refining metals and chemicals, for plating, and for other technical 
purposes. The author appears to include every practical use of 
the present, and to give practical details in all eases. The book 
will be decidedly useful to metallurgists and chemists for 
reference. 

TEcHNISCHE MUsEUM ALS STATTEN DER VOLKSBELEHRUNG. 

By O. v. Miller. (Deutsches Museum. Abhandlungen und 
Berichte, bd. 1, heft 5). Berlin, V. D. I. Verlag, 1929. 27 pp., 
illus.,8x6in., paper. 1.-r. m. 

A brief discussion of the place of the technical museum in 
popular education, by the Director of the famous Deutsches 
Museum at Munich. 

Tuomas’ RegisteR oF AMERICAN MANUFACTURERS, 20th edi- 
tion, 1929-30. N. Y., Thomas Publishing Co., 1929. 
v. p., illus., 12x 9in., cloth. $15.00. 


Contains lists of manufacturers in all lines, arranged alpha- 
betically and by products; and directories of trade names, com- 


708 pp., 
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mercial organizations, banks, and trade papers. The arrange- 
ment and scope are similar to that in previous editions, but the 
directories have been carefully revised. The largest work of its 
kind, and almost indispensable. 

La TRANSMISSION DE LA CHALEUR. 

By M. Ten Bosch. Trans. from the 2d German edition. 
Paris, Dunod, 1930. 371 pp., diagrs., tables, 10 x 7 in., paper. 
90,40 fr. 

Aims to present our knowledge of heat -transmission in 
a form convenient for designers. The laws of radiation and 
conduction, the theory of heat transmission between two bodies, 
the coefficients of transmission of various substances are dis- 
cussed, and the practical.applications of the theory to the design 
of condensers and boilers explained. Numerous tables give the 
coefficients of heat transmission for ammonia, carbon dioxide, 
water, oil, steam, and other ordinary fluids. 


WARMEKRAFT UND WARMEARBEITS MASCHINEN. 

By A. Losehge. Leipzig, Akademische Verlagsgesellschaft, 
1929. (Handbuch der Experimentalphysik, bd. 9, t. 2). 362 
pp., illus., diagrs., tables, 10 x 7in., cloth. 36.-r. m. 

The theoretical principles of steam engines, steam and gas 
turbines, boilers, internal-combustion engines, compressors, and 
blowers are discussed in the light of recent experimental re- 
searches in this field. The book, intended for university stu- 
dents, is a course in the theoretical mechanics of heat engines, 
in which modern conceptions are presented clearly, without 
undue detail. 


WECHSELSTROM-LEISTUNGSMESSUNGEN. 
By Werner Skirl. 8rd edition. Berlin, Julius Springer, 1930. 
278 pp., illus., diagrs., 8x 5in., bound. 14.-r, m. 


_ The principles of various kinds of wattmeters, their construc- 
tion, uses, and accuracy; and the methods for measuring electric 
power are outlined in detail in this work. 


WorxsHor Receipts; Supplement, Aluminum to Wireless. 
Lond., E. & F. N. Spon, 1930. 458 pp., illus., 7 x 5 in., 
cloth. 5s. 

This supplement to Spon’s well-known ‘‘Workshop Receipts’’ 
contains supplementary information on various topies that 
appear in the original four volumes, together with information on 
a variety of subjects not found in them. The material has been 
chosen for its usefulness to the craftsman and amateur. 
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The service is available only to their membership, and is maintained as a 


cooperative bureau by contribution from the societies and their individual members who are directly benefited. 
Offices: —31 West 39th St., New York, N. Y—W. V. Brown, Manager. 
1216 Engineering Bldg., 205 W. Wacker Drive, Chicago, Jll., A. K. Krauser, Manager. 
67 Post St., San Francisco, Calif., N. D. Cook, Manager. 
MEN AVAILABLE—Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 


period of three months and are renewable upon request. 


Names and records will remain in the active files of the bureau for a 


Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 15th day of 


of the month. 


OPPORTUNITIES—A Bulletin of engineering positions available is published weekly and is available to 


members of the Societies concerned at a subscription of 83 per quarter, or $10 per annum, payable in advance. 


Posi- 


. tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 
VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the mediwm of this service are 
invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year’s salary: temporary positions (of one month or less) 


three per cent of total salary received. 


The income contributed by the members, together with the finances appropriated 


by the four societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service. 
REPLIES TO ANNOUNCEMENTS .—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 


to the Employment Service as above. 
filled will not be forwarded. 


POSITIONS OPEN 


SALES ENGINEER, graduate, 


Replies received by the bureau after the positions to which they refer have been 


and mechanical engineering, including heating and 
ventilation. Research fellow devotes most of his 


capable of 


ELECTRICAL ENGINEER, experienced with 

power factor condensers and their use. Also, the 
design and development of transmitting con- 
densers. Apply by letter. Location, New York 
City. X-6789. 
JAELECTRICAL ENGINEER, experienced in 
the development of volume controls for radio sets 
as well as development work on carbon resistors. 
Apply by letter. Location, New York City. 
X-6790. 


meeting purchasing agents and engineers. Must 
have good personality and initiative. Oppor- 
tunity with a large manufacturer of electrical 
insulation, Apply by letter only, giving full 
qualifications, age, previous connections, initial 
salary, references, and preference of territory east 
of Mississippi. Headquarters, New York. W-468. 

FELLOW SHIPS for teaching and research in 
the fields of civil engineering, including highway 
and structural engineering, electrical engineering, 


service time to assigned laboratory investigations, 
this work is not applicable towards graduate 
credit or thesis. The teaching fellow assists in 
the instruction of students in laboratory or design 
courses. Stipend of each fellowship is $750 for 
the academic year of nine months. From the 
middle of September to the middle of June, 
This includes exemption from tuition fees. Apply 
only by letter. Location, Middle west. W-569-OS. 


Mar. 1930 


PARTNER wanted for an incorporated com- 
pany dealing in optical, electrical, etc., testing 
and inspecting instruments for industries and 
institutions. Company further represents manu- 
facturers of such instruments. Some capital 
required. Party interested in the proposition 
should have a technical training and commercial 
ability. Location, New Jersey. W-590. 


MEN AVAILABLE 


GRADUATE ELECTRICAL ENGINEER, 
age 34, married. Desires position as consulting 
engineer: preferably in foreign countries. Lan- 
guages: English, Dutch, German, French. 
Experience: automatic telephone installation, 
testing and inspection, wiring and mechanical 
design; automatic switching and supervisory 
control, installation wiring design, underground 
and overhead line construction, surveying and 
estimating. O-5733. 

EXECUTIVE, thoroughly qualified all phases 
public utilities operations. High-grade engineer- 
ing, accounting, operation and regulatory com- 
mission experience. Solicits contact with those 
desiring services of a thoroughly qualified public 
utility man. C-6700. 

ELECTRICAL-MECHANICAL ENGI- 
NEER, 10 years’ experience design, development, 
manufacture a-c. and d-c. motors, generators, 
converters, electroplaters, elevator motors, special 
machines. Broad experience in application 
engineering. Good knowledge of modern shop 
practise, ability to coordinate designing, manu- 
facturing, Well versed in German. Now em- 
ployed in executive capacity. Desires position 
of responsibility. College graduate, 32, married. 
C-1801. 

GRADUATE ELECTRICAL ENGINEER, 
1921, desires position as designer,. estimator, or 
sales engineer with public utility or manufacturing 
company. Experience in design and construction 
of power installations, speaks Spanish. Will 
start with moderate salary. New York City 
preferred. OC-6551. 

ELECTRICAL ENGINEER, 38, B. S. degree, 
several years’ experience in design and construc- 
tion of distribution and transmission systems, 
substations, plant and railroad installations; 
also operating experience. Desires new connec- 
tion with greater opportunities. Now located in 
New England. B-998. 

PUBLIC UTILITY OR SALES EXECU- 
TIVE, 49, experienced as manager of electric 
public utility, including operation, engineering, 
sales, auditing. Organization having annual 
gross income $5,000,000. Also, sales division 
manager for one of largest electric manufacturing 
companies; annual sales electrical and steam 
apparatus, $4,000,000. Desires position _ with 
public utility or manufacturing organization. 
C-6817. 

ELECTRICAL WORKER, central 
construction or plant maintenance. 
references. C-6955. 

FACTORY BRANCH MANAGER, 88, techni- 
cal graduate, 11 years’ successful experience super- 
vising sales, installation and service operations on 
electrical and heating equipment: Six years’ 
merchandizing and sales experience with nation- 
ally known company preliminary training in 
design and manufacture of electrical equipment. 
Available March first. Future with permanent 
organization essential. B-9231. 


BLISS ELECTRICAL SCHOOL GRADU- 
ATE, age 23, single. Experience with a-c. and 
d-c. substation equipment, in operating depart- 
ment of large public utility. Desires position as 
assistant engineer of test. A thorough knowledge 
of first aid; capable of using Spanish. Location 
preferred, California. C-6900. 

ELECTRICAL ENGINEER, 31, married. 
B.S. E.E. 1922. Two years’ experience line, 
distribution with utility. Five years’ charge 
electrical department of copper smelter. Two 
years in Latin America, supervisor of construc 
tion for electric utility. One year in reinforced 
concrete design, large copper company South 


station 
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West. Available on 30 days’ notice. 
immaterial. C-6962. 

ELECTRICAL AND MECHANICAL ENGI- 
NEER, 37, graduate, married. Twelve. years’ 
experience covering steel maintenance on electrical 
equipment design and erection of electric furnaces, 
design and testing of cable accessories, design of 
transmission lines, sales work with public utilities 
and industrial plants. C-6851. 

1929 GRADUATE, ELECTRICAL ENGI- 
NEERING, desires position which requires some 
application of engineering principles, and does not 
consist of routine work. Three months’ experi- 
ence in power distribution work with large power 
company. New York City preferred as location 
but willing to travel or locate elsewhere. Not 
interested in sales positions. O-6408. 

ENGINEER EXECUTIVE: American, tech- 
nical graduate, over 20 years’ experience in design 
and construction of power plants, substations, 
transmission systems, including responsible man- 
agement of office and field force in large 
organizations. Desires responsible position in 
similar capacity. Confidential correspondence 
invited. O-4852. 

ELECTRICAL ENGINEER, married, gradu- 
ate, 23 years’ experience, electrical testing, 
maintainence, operating electric furnaces, high- 
current regulating transformers and machine 
shop. 15 years’ superintendent graphite plant, 
responsible for production, engineering, organiza, 
tion, safety, personnel, purchasing, costs, and 
insurance. Position, production superintendent 
or plant engineer. Available at once. Location, 
immaterial. O-6974. 

ELECTRICAL ENGINEER, age 28, single, 
B. S.in E. E. 1924. Five years’ experience with a 
large public utility in economics, power studies, 
forecasts, and system expansion. Desires a 
position in a public utility or industrial concern. 
Location, preferably South. C-6985. 

GRADUATE ELECTRICAL ENGINEER, 
12 years’ experience in research, development 
design of small apparatus. Thoroughly familiar 
with low-voltage (up to 220-volt) signaling, control 
apparatus equipment. Had charge of research, 
development work in two large organizations. 
Qualified for position calling for creative work on 
small apparatus. Available on short notice. 
C-3820. 

GRADUATE ELECTRICAL ENGINEER, 
29, experienced design, installation, operation 
power plants. Design, estimating, installation of 
light, power installations large buildings, pro- 
jects. Five years manager, one of largest elec- 
trical contractors in East. At present consulting 
electrical engineer on several large buildings in 
South. Desires position with large company. 
Location, immaterial, Boston, New York City 
preferred. C-6918. 

ELECTRICAL ENGINEER, age 39, B.S. 
and M. 8. Union College. General Electric Test, 
Laboratories and consulting department five 
years, University teaching seven years, trans- 
former and coil engineer two years, recently divi- 
sion chief. Particularly qualified for radio and 
allied industries, also general laboratory or 
teaching. C-4591. 

RESEARCH ENGINEER, B. S. in Electrical 
Engineering and M.S. in physics, two years 
instruction and 414 years’ research experience. 
Director of research department employing 45 
men. Commercial radio license. Desires em- 
ployment with small manufacturing corporation 
as research engineer in West or Middle West. 
Available on short notice. C-6938. 

ELECTRICAL AND MECHANICAL ENGI- 
NEER. Considerable and diversified experience 
in development of electromechanical devices, 


Location, 


production methods. Independent and capable 
laboratory worker. Languages: German and 


French. Location of secondary importance. 


Employed at present. Available on 30 days’ 
notice. C-6994. 
ELECTRICAL ENGINEER, 1924 R.P.I. 


graduate. Four years assistant research engineer 
on insulation with the General Electric Company 
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and 1% years electric underground cable engineet 
with the Commonwealth Edison Company. 
Desires to relocate in eastern United States. 
Available upon short notice. C-4386. 

ELECTRICAL ENGINEER, 32, power plant 
and substation design experience. Thorough 
knowledge of radio receiving sets. Knowledge of 
Russian and German. Possesses inventive and 
business ability. Neat draftsman, conscientious 
and dependable. Contributed many articles to 
various engineering journals on original inventions 
and developments. Desires position where above 
qualifications can be applied. B-7332. 

GRADUATE ELECTRICAL ENGINEER, 
30, single, seven years’ experience design and 
construction of transmission lines, voltages up to, 
and including 220-kv. outdoor and indoor high- 
voltage substation and distribution networks. 
Desires position in engineering or construction 
department of large utility or holding company. 
Location immaterial. C-3564. 

ELECTRICAL ENGINEER, university grad- 
uate, 40, wide knowledge of electrification includ- 
ing hydroelectric generation, substations, dis- 
tribution, motor application, lighting, and electric 
furnaces. Experience covers estimates, design, 
and layout, construction, operation and main- 
tenance. Desires position with power company 
or industry in engineering or operating divisions. 
B-645. ; 

ELECTRICAL ENGINEER, university 
graduate, 36. Wide knowledge of electrification 
including generation, substations, distribution, 
motor application, control, lighting, etc., as 
applied to mining, cement mills, and other indus- 
tries. Experience covers estimates, design, lay- 
out, construction, maintenance. Desires to cor- 
respond with large industrial concern requiring 
the services of a man of above qualifications. 
B-9113. 

ELECTRICAL ENGINEER, 32, married, 
B.S., M.S. E.E. Two years’ experience Indi- 
ana concern. Seven years with prominent public 
utilities. Desires to get in contact with prospec- 
tive employer. Experienced proposal work, 
estimates, specifications, design, construction of 
central stations, transmission, distribution, rail- 
way, substations, automatic substations, over- 
head, underground distribution. Expert control 
relay work. B-6560. 

TRANSMISSION ENGINEER, 36, Univer- 
sity graduate; 13 years’ experience in transmis- 
sion, live field. Able to take complete charge of 
work. Available on limited notice. C-2014. 


GRADUATE ELECTRICAL ENGINEER, 
28, married, nine years’ experience in engineering, 
construction and operation of overhead and under- 
ground distribution and transmission. Particu- 
larly fitted for economic studies, system design, 
phase changeovers and overhead construction. 
Last five years in supervisory capacities. Loca- 
tion, immaterial. B-9408. 

ELECTROPHYSICIST, five years industrial 
research, development in radio, phonographs, 
talkies, acoustics. Formerly professor physics, 
research in X-rays, positive and cathode rays, 
photography and electric measuring instruments. 
Numerous patents, inventions, practical achieve- 
ments above lines. Now with large concern, 
merger necessitates new connection with future. 
Wishes industrial position, professorship, or 
instructorship with research. C-6467. 

ELECTRICAL AND MECHANICAL ENGI- 
NEER, age 33 years, married. Sixteen years’ 
experience. Desires position as superintendent of 
construction or maintenance engineer. Five 
years as general and electrical superintendent in 
large electrochemical plant. Location, imma- 
terial. Availableatonce. OC-3671. 

ELECTRICAL ENGINEER, graduate in 
economics, 33, German, with exceptionally broad 
educational background and wide American and 
European experience, particularly in the field of 
public utilities and transportation, wishes position 
that even at small starting salary gives opportuni- 
ties of future development. Reports, investiga- 
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tions, research, scientific work. Linguistic abili- 
ties, business experience. C-6965. 

GRADUATE ASSISTANT, 27, expects to 
receive M.S. degree next summer. Several 
years’ practical experience. For position as in- 
structor in electrical engineering. C-3202. 

INDUSTRIAL ELECTRICAL ENGINEER, 
38, B.S. 1916. Experienced, estimating, layout, 
ordering material, superintending, construction, 
maintenance, motors, control, power plants, 
switchboards, transmission lines. Can design 
special control apparatus, high-voltage switches, 
etc., take responsible charge sales engineering, 
construction and get friendly cooperation from all 
classes. Will report anywhere at once. B-9533. 

AMERICAN. Two years cooperative engi- 
neering course, six months engineering depart- 
ment; large electrical manufacturing company. 
Two years assistant supervisor electrical equip- 
ment, public utility company, transmission and 
distribution experience. Research work, _high- 
frequency radio. College engineering subjects, 
graduate and special student work; public utili- 
ties. Location, immaterial, South American 
countries. preferred. Available two weeks. 
C-7017. 5 

ELECTRICAL ENGINEER, 32, married, 
12 years’ experience, design, layout, con- 
struction, maintenance, repair large industrials, 
three years modern, custom repair shop practise. 
Thoroughly familiar modern power equipment, 
repair shop practise, mass production require- 
ments. Desires responsible connection large 
utility, industrial plant, large repair shop. Can 
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APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a grade higher then Asso- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Secretary before March 31, 1930. 

Adelson, H., General Electric Co., Schenectady, 
ING EY 

Aicholtz, L. A., Electrical Research Products, 
Inc., Hollywood, Calif. 

Alber, E. A., Teletype Corp., Chicago, Ill. 

Allen, R. M., (Member), Jackson & Moreland, 
Hoboken, N. J. 

Arberry, J. P., Pittsburgh Plate Glass Co., 
Pittsburgh, Pa. 

Barnes, C., Van Schaack Chemical 
Chicago, Ill. 

Barnet, G. R., New York & Queens Elec. Lt. & 
Pr. Co., Flushing, N. Y. 

Bates, A. E., Western Electric Co., Kearny, N. J. 

Baumgartner, A. B., Public Service Co. of Colo., 
Denver, Colo. 

Benjamin, Abraham, Montreal Light, Heat & 
Power Co., Montreal, Que., Can. 

Benjamin, Archie, Montreal Light, 
Power Cons., Montreal, Que., Can. 

Bennett, P. A., Public Service Co. of Northern 
Illinois, Chicago, Tl. 

Bergman, J., Jr., New Jersey Bell Telephone Co., 
Hackensack, N. J. 

Bird, G. T., Bird-Potts Company, Inc., Atlanta, 


Works, 


Heat & 


Ga. 

Bivenour, C. A., Ohio Power Co., Coshocton, 
Ohio 

Blackhall, H. J., Western Electric Co., Kearny, 
N. J. 


Blanchard, R. ¥., (Member), Western Union Tel. 
Co., New York, N. Y. 

Bley, W. B., New York Central Railroad, New 
Work, Ney 
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effect appreciable economies in repair shop 
practise. Middle western location preferred. 
C-5916. 

ASSISTANT EXECUTIVE, 38, married, 
technically trained. Connections with large public 
utility, ‘manufacturers and industrial consul- 
tants on work of administrative and commer- 
cial nature. Especially qualified as assistant to 
busy executive needing man with management 
ability. Well endorsed. Prefers East. B-9122. 

ELECTRICAL-MECHANICALENGINEER, 
Cornell. G. E. and locomotive shops. Six 
years in each of the following lines: trunk 
railway electrification, hydroelectric irrigation 
projects, heavy automotive equipment operation, 
preparation of technical reports, South America 
and Orient. Commercial production high-tension 
vacuum devices, X-ray, neon tubes, plant equip- 
ment. Director Electrophysical laboratory re- 
search. C-7026. 

ELECTRICAL ENGINEER, 9 years’ engi- 
neering experience. Experience coves design 
and construction of overhead distribution and 
transmission systems; underground a-c. networks 
and distribution systems; switchboard and sub- 
station design and operation. Executive ability. 
At present assistant distribution engineer. 
Location, Southwest or South. O-4734. 


ELECTRICAL ENGINEERING ASSIS- 
TANT, 26, married, college graduate. Four 
years’ transmission and distribution experience 
with public utilities on design, estimates, survey, 
and valuation. Desires connection with public 
utility engineering department. New York City 


Blugerman, L. N., United Engineers & Con- 
structors, Inc., Philadelphia, Pa. 

Breslauer, W., Jackson & Moreland, Hoboken, 
N. J. 

Brosler, E., (Member), Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 

Brown, R. W., Western Electric Co., Chicago, Ill 

Brown, V. J., J. Leo Scanlon Co., Buffalo, N. Y. 

Bumstead, R. W., International Communications 
Laboratories, Inc., New York, N. Y. 

Butler, E. J.. New York & Queens Elec. Lt. & Pr. 
Co., Long Island City, N. Y. 

Carnahan, R. W., Paramount Fire Alarm Engi- 
neering Co., Cleveland, Ohio 

Carpenter, G. M., Charles H. Tenney & Co., 
Boston, Mass. 

Chapman, J. H., Jr., Hall Electric Heating Co., 
Inc., Philadelphia, Pa. 

Chesley, A. D., U. 8. Post Office, Falls City, Nebr. 

Childs, J. R., Duquesne Light Co., Pittsburgh, 
Pa, 

Clarke, H. J.. Duquesne Light Co., Rochester, 
Pa, 

Colby, M. E., Western Electric Co., Newark, N. J. 

Collings, J. V., Commonwealth Edison Co., 
Chicago, Ill. 

Cotton, A. R., Public Service Co. of Northern 
Dilinois, Chicago, Ill. 


-Cotton, R. L., New York Edison Co., New York, 


UN jaekes 

Cox, F. A , Public Service Co. of Northern Illinois, 
Chicago, Ill. 

Cress, W. M., Public Service Co. of Northern 
Illinois, Chicago, Il. 

Crimmin, E. V., Edison Electric Illuminating Co. 
of Boston, Boston, Mass ’ 

Daffron, R. C., Virginia Electric & Power Co., 
Richmond, Va. 

Davis, E. G., Duquesne Light Co., Pittsburgh, Pa. 

Dentler, J. W., General Electric Co., Erie, Pa, 

DeWitt, H. M., Westchester Lighting Co., 
Rye, N.Y. 

Diamond, H., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 
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location preferred, but will consider any United 
Stateslocation. C-5511. 

RADIO ENGINEER, married, eight years’ 
executive experience in design, operating and 
maintenance of broadcasting stations. B.A. 
degree in science. Studies in several colleges and 
universities. Have traveled extensively. De- 
sires an executive position with large broadcasting 
station; with talking picture industry, or allied 
fields. Well endorsed. C-7040. 

ELECTRICAL ENGINEER, receiving Doctor 
of Engineering in May. Research laboratory 
experience. Completed Westinghouse Graduate 
Students Course. Excellent knowledge of Rus- 
sian; reading knowledge of German and French. 
Desires teaching position in reputable institution. 
Willing to consider commercial development and 
research. Eastern or Central Eastern States pre- 
ferred. Available June 1930. C-7011. 

ELECTRICAL ENGINEER, 30, technical 
graduate, single. One year electrical construction 
and five years electrical design drafting with 
large utilities or substation and power station 
design. Desires connection preferably with 
utility with opportunity for advancement in engi- 
neering electrical station design. Now employed. 
C-7043. 

ELECTRICAL ENGINEER, M. I. T. gradu- 
ate, 34, married, desires teaching position in 
college E. E. course beginning next fall. Six 
years’ research and industrial experience including 
G. E. Co. and Bureau of Standards. Two years’ 
teaching experience. Best of references. Middle 
West or South preferred. C-2826. 
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See 


Duncan, T. C., N. Y. & Queens Elec. Lt. & Pr. 
Co., Flushing, N. Y. 

Ehrensperger, C., American Brown Boveri Co., 
Camden, N. J. 

Elfast, R. E., New York & Queens Elec. Lt. & 
Pr. Co., Flushing, N. Y. 

Elgin, R. P., Keystone Public Service Co., Oil 
City, Pa. 

Ely, H. B., (Member), Bell Telephone Labora- 
tories, Inc., New York, N. Y. 

English, T. O., Alcoa Ore Co., East St. Louis, Ill. 

Eschbach, D. O., Philadelphia & Reading Coal & 
Iron Co., Pottsville, Pa. 

Etienne, L. A., Westinghouse Elec. & Mfg. Co., 
Denver, Colo 

Fordham, L. D., Public Service Co. of Northern 
Illinois, Chicago, Ill. 

Foster, O. W., 24 Astor Drive, Rochester, N. Y. 

Freeland, C. M., Worcester Electric Light Co., 
Worcester, Mass. 

Fuller, 8. J.. New York & Queens Elec. Lt. & 
Pr. Co., Flushing, N. Y. 

Garnhart, G. E., Brooklyn Edison Co., Brooklyn, 
Ney 

Garrett, J. B., Jr., Yonkers Electric Lt. & Pr. 
Co., Yonkers, N. Y. 

Gerbracht, C. J., General Electric Co., Erie, Pa. 

Gilles, P. F., Cleveland Railway Co., Cleveland, 
Ohio 

Gillette, R. W., New York & Queens Elec. Lt. & 
Pr. Co., Flushing, N. Y. 

Goldsborough, T. R., (Member), Westinghouse 
Elec. & Mfg. Co., East Pittsburgh, Pa. 

Gordon, K. E., Charles H. Tenney & Co., Boston, 


Mass 

Graham, H. J., Schenectady Varnish Co., Schenec- 
tady, N. Y. 

Graul, T. A., Bell Telephone Co. of Penna., 


Pittsburgh, Pa. 
Guenther, W. M., 
Cleveland, Ohio 
Haas, P., Moto Meter Gauge & Equipment Co., 
Toledo, Ohio 


Hale, P. W., United Electric Light & Power Co.» 
New York, N. Y. 


Cleveland Railway OCo., 
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Haley, L. A., Graybar Electric Co., Houston, Tex. 

Hamilton, A. E., Hydro Electric Power Commis- 
sion of Ontario, Toronto, Ont., Can. 

Hanaoka, K., Japanese Government Railways, 
New York, N. Y. 

Harness, G. T., Jr., College of the Pacific, Stock- 


ton, Calif. 

Havourd, R. M., Public Service Elec. & Gas Co., 
Newark, N. J. 

Hedin, F. H., Jackson & Moreland, Hoboken, 
INGE 


Henkel, G. E., Schoo! of Engineering of Milwau- 
- kee, Milwaukee, Wis. 
Hill, J. F., Saskatchewan Power Commission, 
Regina, Sask., Can. 


Hoffman, G. M., Jr., Jackson & Moreland, 
Hoboken, N. J. 

Hoffman, G. N., Duquesne Light Co., Pittsburgh, 
Pa. 

Horst, J. S., Edison Electric Co., Sinking Spring, 
Pa. 


Hurt, M. J., Southern California Edison Co., 
Big Creek, Calif. 

Isbell, G. T., Isbell’s, Jacksboro, Tex. 

James, R. L., Pennsylvania Power Co., Sharon, 
Pa, 

Jillson, C. F., Public Service Co. of Northern 
Illinois, Chicago, Ill. 

Johnson, A., Brooklyn Edison Co., Brooklyn, 
N.Y. 

Joseph, J. S., Southwestern Bell Tel. Co., Okla- 
homa City, Okla. 

Kellems, V.; Kellems Products, Inc., New York, 
INE MS 

King, P. E., Midland Counties Public Service 
Corp., Coalinga, Calif. 

King, R. T., Public Service Elec. & Gas Co. of 
N. J., Burlington, N. J. 

Klinger, M. E., Erie Lighting Co., Erie, Pa. 

Kobayashi, I., Ryobi Denki Shokai, Ltd., c/o 
Mitsubishi Shoji Kaisha, Ltd., New York, 
INS YS 

Kron, G., Lincoln Electric Co., Cleveland, Ohio 

Lamantia, A. J., New York Edison Co., New 
York, N. Y. 

Lay, R. L., Geophysical Research Corp., Houston, 
Tex. 

Leidigh, W. A., Jr., Portland Electric Power Co., 
Portland, Ore. 

Lesh, S. S., Pennsylvania Power & Light Co., 
Allentown, Pa. 

Lidemark, K., Pacific Gas & Electric Co., San 
Francisco, Calif. 

Mabey, ©. A., International Communications 
Laboratories, Inc., New York, N. Y. 

Markley, F. H., General Electric Co., Erie, Pa. 

Marshall, S. W., Southwestern Bell Telephone 
Co., Houston, Tex. 

Martin, W. G., Jr., National Broadcasting Co., 
New York, N. Y. 

Masters, J. C., Cleveland Railway Co., Cleveland, 
Ohio 

Masters, T. J., Montreal Light, Heat & Power 
Consolidated, Montreal, Que., Can. 

Mazumdar, B. C., General Electric Co., Schenec- 
tady, N. Y. 

McDowell, L. G., New York & Queens Elec. Lt. 
& Pr. Co., Flushing, N. Y. 

McGrath, H. O., Bell Tel. Co. of Penna., Pitts- 
burgh, Pa. 

McKay, F. A., Lyman Tube & Supply Co., Ltd., 
Montreal, Que., Can. 

Mosley, C. E., Union Electric Light & Power Co., 
St. Louis, Mo. 
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J 
Moss, 8. A., Chesapeake & Potomac Telephone Strong, E. A., James Richardson & Sons, Ltd., 


Co., Washington, D. ©. 

Murray, W. R., Westinghouse Elec. & Mfg. Co., 
New York, N. Y. 

Neil, J. L., Pathé Studios, Culver City, Calif. 

Neville, W. H., 829 Martin Bldg., Birmingham, 
Ala. 
(Applicant for re-election.) 

Nichols, M. C., Worcester Electric Light Co., 
Worcester, Mass. 

Nordstedt, E. A., Public Service Co. of Northern 
Illinois, Chicago, Ill. 

Oliver, T. S., Public Service Co. of Colo., Denver, 
Colo. 

Olson, B. R., General Railway Signal Oo., 
Rochester, N.Y. 

O’Neill, C. F., (Member), Westinghouse Elec. & 

Mfg. Co., New York, N. Y. 

W. W., Canadian General Electric Co., 

Toronto, Ont., Can. 

Pagesy, C. H., Pennsylvania Railroad, Phila- 
delphia, Pa. 

Patterson, L. R., Public Service Co. of Colorado, 
Denver, Colo. 
Porter, M. O., Jr., Delos G. Haynes, St. Louis, 
Mo. S 
Prescott, J. O., (Member), Columbia Phonograph 
Co., Inc., New York, N. Y. 

Prososki, M., General Electric Co., Erie, Pa. 

Prow, A. H., Strawbridge & Clothier, Philadel- 
phia, Pa. 

Quigley, J. H., Falls City Motor Co., Falls City, 
Nebr. 

Rall, J., Board of Transportation, City of New 
York, New York, N. Y. 

Read, C. A., General Electric Co., Pittsfield, Mass. 

Reber, J. G., Metropolitan Edison Co., Easton, 
Pa. 

Reinovsky, E., Standard Underground Cable Co., 
Perth Amboy, N. J. 

Rice, A. J., National Broadcasting Co., New York, 
IN: Y: 

Richardson, R. M., Public Service Co. of Colo., 
Denver, Colo. 

Roisland, K., Western Electric Co., Inc., Kearny, 
N. J. 

Rolston, G. E., Rome Wire Co., Philadelphia, Pa. 

Rosier, R., Monongahela West Penn Public 
Service Co., Fairmont, W Va. 

Samuels, R. ©., General Electric Co., Philadel- 
phia, Pa. 

Sawyer, E. B., Railway & Industrial Engineering 
Co., Denver, Colo. 

Schlemmer, O. C., Cincinnati & Suburban Bell 
Tel. Co., Cincinnati, Ohio 

Schrimser, T. J., Benolite Varnish Co., Pitts- 
burgh, Pa. . 

Schultz, G. J., Public Service Co. of Northern 
Illinois, Waukegan, Il. 

Schuster, A. L., Hoover Co., North Canton, Ohio 

Shen, C., International General Electric Co., 
Schenectady, N. Y. 

Shildneck, L. P., General Electric Co., Schenec- 
tady, N. Y. 

Silzle, L. W., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Smith, E. C., Ohio Bell Telephone Co., Akron, 
Ohio 

Solberg, G., Western Electric Co., Kearny, N. J. 

Steinert, E. E., General Electric Co., Schenec- 


Orr, 


tady, N. Y. 
Stewart, O. V., Benolite Varnish Co., Pittsburgh, 
Pa. 


Fleming, Sask., Can. 

Strong, J. E., Illinois Power & Light Corp., 
East St. Louis, Ill. 

Sugiyama, K., c/o Mitsui & Co., New York, N. Y. 

Sumner, W. A., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Swanson, 8S. V., Public Service Co. of Northern 
Illinois, Chicago, Ill. 


Tapy, R. W., University of Detroit, Detroit, 
Mich. 

Taylor, J. M., City of Saskatoon, Saskatoon, 
Sask., Can. 


Theis, A. R., (Member), Westinghouse Elec. & 
Mfg. Co., Brooklyn, N. Y. 

Tinnerholm, R. F., General Electric Co., Phila- 
delphia, Pa. 

Tompkins, J., Nantahala Power & Light Co., 
Andrews, N.C. 

Towey, J. M., Chicago, Milwaukee, St. Paul & 
Pacific Railway, Deer Lodge, Mont. 

Tyrrell, W. L:, Brown Instrument Co., Phila- 


delphia, Pa. 

Ulanet, H., Federal Steel Products Co., Newark, 
Ned. 

Van Brocklin, F., RCA Photophone, Inc., 
Chicago, Ill. 


Van Hennik, E., New York Telephone Co., 
New York, N. Y. 

Vickerman, C. E., City of Philadelphia, Phila- 
delphia, Pa. 

von Rohrscheidt, O. K., (Member), Vera Cruz 
Light, Power & Traction Co., Ltd., Vera 
Cruz, Ver., Mexico 

Wagner, H. J., Duquesne Light Co., Pittsburgh, 
Pa. 

Wagoner, K. S., Electrical Engineers Equipment 
Co., Melrose Park, Il. 

Wahlgren, W. W., Gardner Electric Mfg. Co., 
Emeryville, Calif. 

Welhoelter, M., Illinois Power & Light Corp., 
East St. Louis, Il. 

Whipple, W. N., Phoenix Utility Co., Salt Lake 
City, Utah 

Whitehead, E. R., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Whiteman, C. A., (Member), Erie Lighting Co., 
Erie, Pa. 

Wirts, C. O., Jr., Illinois Power & Light Corp., 
East St. Louis, I. 

Yetter, P. A., Public Service Co. of Colo., Denver, 
Colo. 

Ziegenfuss, H. E., Public 
Co., Irvington, N. J. 

Total 172 


Service Elec. & Gas 


Foreign 


Booth, W.M., English Electric Co., Marunouchi, 
Tokyo, Japan 

Briggs, C. H., Melton House, Melton, E. York- 
shire, Eng. 

Dean, G., Sydney Municipal Council, 
Australia = 

Hall, F. P. W., Callender’s Cable & Construction 
Co., Ltd., Erith, Kent, Eng. 

Hochstadter, M., (Member), 10 Place Madon, 
Brussels, Belgium 

Hutter, H. E., General Electric Co., Ltd., Witton, 
Birmingham, Eng. 


Sydney, 


Leduc, M., Lignes Telegrapiquesh et Tele- 
phoniques, Paris, France 
Suemitsu, T., Fujikura Densen K. K., Tokyo 


City, Japan 
Total 8 
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OFFICERS A. I. E. E. 1929-1930 


President 
Haro_p B. SMITH 


Junior Past Presidents 
BANCROFT GHERARDI 


Vice-Presidents 


R. F. SCHUCHARDT 


E. B. MERRIAM HERBERT S. EVANS 


H. A. KIDDER W.S. RoDMAN 
W. T. RYAN C. E. FLEAGER 
BaD uULrL E. C. STONE 
G. E. QuINAN C. E. Sisson 


Directors 


I. E. MouLtTrop J. ALLEN JOHNSON 


H. C. Don Cartos A. M. MacCutcHEon 
F. J. CHESTERMAN A. E. BETTIS 

F. C. HANKER W. S. LEE 

E. B. MEYER J. E. KEARNS 

H. P. LIvERSIDGE C. E. STEPHENS 


National Secretary 
F. L. HutcHInson 


National Treasurer 
GerorGE A. HAMILTON 


General Counsel: PARKER & AARON 
30 Broad Street, New York 


LOCAL HONORARY SECRETARIES 


T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 

H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House, 
11 Castlereagh St., Sydney, N.S. W., Australia. 

F. M. Servos, Rio de Janiero Tramways, Light & Power Co., Rio de Janeiro, 
Brazil. 

A. P. M. Fleming, Metropolitan Vickers Elec. Co., Trafford Park, Manchester, 
England. 

A.S, Garfield, 45 Bd. Beausejour, Paris 16 E., France. 

F, W. Willis, Tata Power Company, Bombay House, Bombay, India. 

P. H. Powell, Canterbury College, Christchurch, New Zealand. 

M. Chatelain, Lesnoi Polytechnic Institute, Apt. 27, Leningrad, U.S.S.R. 

Axel F. Enstrom, 24a Ingeniorsvetenskrapsakademien, Stockholm, 5 Sweden. 

W. Eldson-Dew, P. O. Box 4563 Johannesburg, Transvaal, Africa. : 


A. I. E. E. COMMITTEES 


(A list of the personnel of Institute committees may be found in the January 
issue of the JOURNAL.) 


GENERAL STANDING COMMITTEES AND CHAIRMEN 


ExEcutTIvE, Harold B. Smith 

FInancE, E. B. Meyer 

MEETINGS AND Papers, A. E. Knowlton 

PUBLICATION, W. S. Gorsuch 

CoorDINATION oF INsTITUTE Activities, H, A. Kidder 
BoarD oF EXAMINERS, E. H. Everit 

Sections, W. B. Kouwenhoven 

STUDENT BRANCHES, W. H. Timbie 

MEMBERSHIP, J. Allen Johnson 

HEADQUARTERS, R. H. Tapscott 

Law, L. F. Morehouse 

Pustic Poticy, D. C. Jackson 

STANDARDS, F. D. Newbury 

Epison MEDAL, Samuel Insull 

LAaMME MEDAL, Charles F. Scott 

CoDE OF PRINCIPLES OF PROFESSIONAL ConpbucT, F. B. Jewett 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


CoLumsiA UNIVERSITY ScHoLarsHIPs, W. I. Slichter 
Awarb oF INSTITUTE Prizes, A. E. Knowlton 
SaFety Copes, A. W. Berresford 


SPECIAL COMMITTEE 


ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL Arts, J. P. Jackson 


TECHNICAL COMMITTEES AND CHAIRMEN 


AUTOMATIC STATIONS, F. Zogbaum 

ComMunricaTION, G. A. Kositzky 

EDUCATION, Edward Bennett 

ELECTRICAL MACHINERY, Philip L. Alger 

ELectric WELDING, A. M. Candy 

ELECTROCHEMISTRY AND ELECTROMETALLURGY, P. H. Brace 
ELectropuHysics, O. E. Buckley 

GENERAL POWER APPLICATIONS, J. F. Gaskill 

INSTRUMENTS AND MEASUREMENTS, Everett S, Lee 
APPLICATIONS TO IRON AND STEEL PRopuctTion, M. M. Fowler 
PRODUCTION AND APPLICATION OF LicuT, George S. Merrill 
APPLICATIONS TO MARINE Work, W. E. Thau 
APPLICATIONS TO MINING Work, Carl Lee 

Power GENERATION, F. A, Allner 

POWER TRANSMISSION AND DISTRIBUTION, H. R. Woodrow 
PROTECTIVE Devicss, E. A. Hester 

RESEARCH, S. M. Kintner 

TRANSPORTATION, Sidney Withington 


A. I, E. E. REPRESENTATION 


(The Institute is represented on the following bodies; the names of the repre- 
sentatives may be found in the January issue of the JOURNAL.) 


ALFRED NOBLE PrRizE CoMMITTEE, A. S. C. E. 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL 

AMERICAN BUREAU OF WELDING 

AMERICAN COMMITTEE ON ELECTROLYSIS 

AMERICAN ENGINEERING COUNCIL ASSEMBLY 

AMERICAN MARINE STANDARDS COMMITTEE 

AMERICAN STANDARDS ASSOCIATION 

AMERICAN YEAR Book, ADVISORY BOARD 

CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE 

COMMITTEE OF APPARATUS MAKERS AND USERS, NATIONAL RESEARCH COUNCIL 

COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS 

COMMITTEE ON HEAT TRANSMISSION, NATIONAL RESEARCH COUNCIL 

ENGINEERING FOUNDATION, INC. 

ENGINEERING SOCIETIES RESEARCH BOARD 

JOHN Fritz MEDAL BOARD oF AWARD 

JOINT COMMITTEE ON WELDED RAIL JOINTS 

Joint CONFERENCE COMMITTEE OF FouR FOUNDER SOCIETIES 

LIBRARY BOARD, ENGINEERING FOUNDATION, INC. 

NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 

NATIONAL FIRE WASTE COUNCIL 

NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 

NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF A. S. S. E.—ENGINEER- 
ING SECTION 

Rapio Apvisory COMMITTEE, BUREAU OF STANDARDS 

SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD oF INVESTI- 
GATION AND COORDINATION 

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL COMMISSION ON 
ILLUMINATION 

U. S. NatTIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL- 
ComMIssION 

WASHINGTON AWARD, COMMISSION OF 


GEOGRAPHICAL DISTRICT EXECUTIVE COMMITTEES 


Chairman 
District (Vice-President, A. I. E. E.) 
INove1——Northibasterna. ccs «ce clone cece ....B. Merriam, General Electric Co., Schenectady, N.Y. 
Wo; -2—Middle Eastern:.......<.00 0 ses. E. C. Stone, Duquesne Light Co., 435 Sixth Ave., Pitts- 
burgh, Pa. 
Noms ——-New, VOrk! City:scaierelsieriienemiceren ete H. A. Kidder, 600 West 59th Street, New York, N. Y. 
ROS CSG spstacpoasecdvomodacarcs W.S. Rodman, Box 675, University, Va. 
Woe 76—Great Lakes’... \6 ocescsic ssc Saute W. T. Ryan, University of Minnesota, Minneapolis, 
Minn. 
INOsmnG— Worth Central seem smitten sien Herbert S.Evans, University of Colorado, Boulder, Colo. 
INOsmnt——SOUth WES. nce ccccs neces tee ct: B. D. Hull, Southwestern Bell Tel. Co., Dallas, Tex. 
WN Orme SPA CLC ie ia rate nial evahsaoncrnils ¢2 biel eicreisehtie C. E. Fleager, Pacific Tel. & Tel. Co., 140 New Mont- 
gomery St., San Francisco, Calif. 
INO; mo ——NOrth WieStiis ccswitents circle serene G. E. Quinan, Box 1879, Seattle, Wash. 


ING et O—-Canadaiin. comtcarimec atic mites 
downe Ave., Toronto, Ont. 


C. E. Sisson, Canadian General Electric Co., 1025 Lans- 


Secretary 
(District Secretary) 


A. C. Stevens, General Electric Co., Schenectady, N. Y. 

J. A. Cadwallader, Bell Tel. Co. of Penna., 416 Seventh 
Ave. Pittsburgh, Pa. 

J. B. Bassett, General Electric Co., 120 Broadway, New 
Work, Ne Ya 

J. S. Miller, Jr., Box 12, University, Va. 

A. G. Dewars, Northern States Power Co., St. Paul, Minn. 


M. S. Coover, University of Colorado, Boulder, Colo. 

A. E. Allen, 1801 North Lamar St., Dallas, Tex. 

H. W. Hitchcock, 1050 Telephone Building, 740 South. 
Olive St., Los Angeles, Calif. 

J. Hellenthal, Puget Sound Pr. & Lt. Co., Seattle, Wash. 

W. L. Amos, Hydro-Elec. Power Commission, 190 Uni- 
versity Ave., Toronto, Ont. 


Note: Each District Executive Committee includes the chairmen and secretaries of all Sections within the District and the chairman of the District Committee 


on Student Activities. 
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LIST OF SECTIONS 


Name District Chairman Secretary 

Akron (2) W.A.Hillebrand R. R. Krammes, The Ohio 
Power Co., Canton, O. 

Atlanta (4) 4H.L. Wills W. F. Bellinger, Electric Bldg., 
Atlanta, Ga 

Baltimore (2) W.B.Kouwenhoven G. S. Diehl, Pa. Water & Pwr. 
Con 1611 Lexington Bldg., 
Baltimore, Md. 

Birmingham (4) W.E. Bare O. E. Charlton, Alabama Power 

O., Birmingham, Ala. 

Boston (1) ~W. H. Colburn G. J. Crowdes, Simplex Wire & 
Cable Co., Sidney St., Cam- 
bridge, Mass. 

Chicago (5) T. G. LeClair F. R. Innes, c/o Electrica! 
World, 7 So. Dearborn St.: 
Chicago, Ill. 

Cincinnati (2) T. C. Reed L. L. Bosch, Columbia Engg. & 
Mgmt. Corp., 314 West 4th 
St., Cincinnati, O. 

Cleveland (2). T. D. Owens Wm. H. LaMond, Simplex Wire 
& Cable Co., 2019 Union 
Trust Bldg., Cleveland, oO. 

Columbus (2) R.A. Brown C. D. Price, 87 East Blake 
Avenue, Columbus, Ohio 

Connecticut (1) Sidney Withington R.G. Warner, Yale Univ., New 

: Haven, Conn. 

Dallas (7) J.B. Thomas A. Chetham-Strode, Dallas Pwr. 
& Light Co., Interurban Bldg., 
Dallas, Tex. 

Denver (6) W.H. Bullock N.R. Love, 807 Tramway Bldg., 
Denver, Colo. 

Detroit-Ann Arbor (5) L.F. Hickernell T. N. Lacy, Michigan Bell Tel. 
Co., 1365 Cass Ave., Detroit, 
Mich. 

Erie (2) W.H. Pelton Geo. I. Le Baron, peel Elec- 
tric| Co., Erie, Pa: 

Fort Wayne (5) F. W. Merrill E. J. Schaefer, General Electric 
Co., Ft. Wayne, Ind. 

Houston (7) L.K.Del’Homme C. D. Farman, Southwestern 
Bell Tel. Co., Houston, Texas 

Indiana polis-Laf. (5) J. B. Bailey H. M. Stradling, 353 Mass Ave., 

5 Indianapolis, Ind. 

Iowa (5) C.L. Sampson J. K. McNeely, Iowa State Col- 
lege, Ames, Lowa 

Ithaca (1) W.C. Ballard, Jr. W.E. Meserve, 614 E. Buffalo 
St., Ithaca, N. Y. 

Kansas{City (7) A.B. Covey J. S. Palmer, Kansas City Pr. & 
Lt. Co., 1330 Grand Ave., 
Kansas City, Mo. 

Lehigh Valley (2) A. J. Althouse E. F. Weaver, Pa. Pr. & Lt. Co., 
ae Hamilton St., Allentown, 

a. 

Los Angeles (8) N. B. Hinson H. W. Hitchcock, So. Cal. Tel. 
Co., 740 So. Olive St. Los 
Angeles, Cal. 

Louisville (4) H.W. Wischmeyer Philip P. Ash, Louisville & 
Nashville Rd. Bldg., 9th & 
B’way Ave., Louisville, Ky. 

Lynn (1) =I. F. Kinnard H. K. Nock, General Elec. Co., 
West Lynn, Mass. 

Madison (5) R. E. Purucker L. C. Larson, Univ. of Wiscon- 
sin, Madison, Wis. 

Mexico (3)  G. Solis-Payan E. Leonarz, Jr., Apartado, 2601, 
Mexico City, Mexico 

Milwaukee (5) E. W. Seeger R. C. Siegel, Wisconsin Tel. Co., 
418 Broadway, Milwaukee, 
Wis. 

Minnesota (5) V. E. Engquist Oscar Gaarden, Northern State 
Pr. Co., 15 S. 5th St., Minne- 
apolis, Minn. 

Nebraska (6) D.H. Braymer W. O. Jacobi, Omaha & Council 


Name and Location 


Akron, Municipal Univ. of, Akron, Ohio 
Alabama Polytechnic Inst., Auburn, Ala 
Alabama, Univ. of, University, Ala 
Arizona, Univ. of, Tucson, Ariz 
Arkansas, Univ. of, Fayetteville, Ark 
Armour Inst. of Tech., 3300 Federal St., Chicago, Ill 
Brooklyn Poly. Inst., 99 Livingston St., Brooklyn, N. Y 
Bucknell University, Lewisburg, Pa 
Calif. Inst. of Tech., Pasadena, Calif 
Calif., Univ. of, Berkeley, Calif 
Carnegie Inst. of Tech., Pittsburgh, Pa 
Case School of Applied Science, Cleveland, Ohio 
Catholic Univ. of America, Washington, D. C 
Cincinnati, Univ. of, Cincinnati, Ohio 
Clarkson College of Tech., Potsdam, N. Y 
Clemson Agri. College, Clemson College, 5. C 


Colorado State Agri. College, Ft. Collins, Colo 


Bluffs St. Ry. Co., 19 & Far- 
nam Sts., Omaha, Neb. 
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LIST OF BRANCHES 


Name District Chairman Secretary 
New York (3) H.-P. Charlesworth T. F. Barton, General Elec. Co., 
120 Broadway, New York 
Niagara Frontier (1) Raymond T. Henry E. P. Harder, Buffalo General 
Elec. Co., 205 Electric Bldg., 
Buffalo, N. Y. 
North Carolina (4)  E. P. Coles Marshall E. Lake, Duke Pr. Co. 
Power Bldg., Charlotte, N. C. 
Oklahoma City (7) CC. Walker Mier C. T. Almquist, Univ. of Okla- 
homa, Norman, Okla. 
Panama (3) 
Philadelphia (2) R.H. Silbert J. L. MacBurney, Elec. Stor- 
age Battery Co.,1955 Hunting 
Park Ave., Philadelphia, Pa. 
Pittsburgh (2) J.A.Cadwallader C. T. Sinclair, Byllesby Engg. & 
Mngmt. Corp., 435 Sixth Ave., 
Pittsburgh, Pa. 
Pittsfield (1) OL. F. Blume L. H. Burnham, General Elec- 
tric Co., Pittsfield, Mass. 
Portland, Ore. (9) H.H. Cake A. H. Kreul, Portland Elec. Pr. 
Co., Hawthorne Bldg., Port- 
land, Ore. 
Providence (1) ¥F. W. Smith O. W. Briden, Blackstone Valley 
Se & Elec. Co., Pawtucket, 
Rochester (1) VirgilM.Graham Charles F. Estwick, General 
Railway Siege) Cor ., Roches- 
ter, N 
St. Louis (7) G. H. Quermann OO. J. Rotty, Union Elec. Lt. & 
Pr. Co., 315 No. 12th Blvd., 
St. Louis, Mo. 
San Francisco (8) OL. F. Fuller G. Ross Henninger, Electrical 
West, 883 Mission St., San 
Francisco, Cal. 
Saskatchewan (10) J. R. Cowley A. B. Coward, Light & Power 
Dept., Regina, Sask., Canada 
Schenectady (1) =R. Treat E. E. Johnson, Rm. 435, Bldg. 2, 
General Electric Co., Schenec- 
tady, N. Y 
Seattle (9) L. N. Robinson George S. Smith, Elec. Engg. 
Dept., University of Wash- 
ington, Seattle, Wash, 
- Sharon (2) J. B. Gibbs S. S. Cook, Westinghouse E. & 
M. Co., Sharon, Pa. 
Southern Virginia (4) H.C. Leonard Cecil Gray, Westinghouse E. & 
M. Co., 912 Electric Bldg., 
Richmond, Va. 
Spokane (9) Earl Baughn Loren A. Traub, 215 Symons 


Bldg., Spokane, Wash. 


Springfield, Mass, (1) Fred L. Hunt B. V. K. French, American 
Bosch Magneto Corp., Spring- 
field, Mass. 

Syracuse (1) F.E. Verdin Chas. W. Henderson, 504 Uni- 
versity Pl., Syracuse, N. Y. 

Toledo (2) E. B. Featherstone Max Neuber, 1257 Fernwood 
Ave., Toledo, O 

Toronto (10) F. F. Ambuhl W. F. Sutherland, Toronto Hy- 
droelec. Sys., 225 Yonge St., 
Toronto, Ont., Canada 

Urbana (5) M. A. Faucett C._ E. Skroder, Univ. of Ill, 
Urbana, IIl. 

Utah (9) A. C. Kelm L. B. Fuller, Utah Pr. & Lt. Co., 
Salt Lake City, Utah 

Vancouver (10) J. Teasdale D. Robertson, Canadian Gen» 
Elec. Co., Ltd., Vancouver. 
B. C., Canada 

Washington (2) W.A.E. Doying G. L. Weller, Chesapeake & 
Potomac Tel. Co. & Assoc. 
Cos., 725-13th St.. N. W., 
Washington, D. C. 

Worcester (1) H.H. Newell R. P. Bullen, General Elec. Co., 
704 State Mutual Bldg., Wor- 
cester, Mass. 

Total 57 

Counselor 

District Chairman Secretary (Member of Faculty) 

(2) Glenn O. Hite G. G. Clark J. T. Walther 
(4) R. F. Ham G. A. Beavers W. W. Hill 

(4) R. M. Phillips 

(8) Barney Shehane F. F. Denney J..C. Clark 

(7) D. J. Morrison E. Wylie Head W. B. Stelzner 


(5) J. Dollenmaier 


(3) F. J. Mullen 


(2) E. C. Metcalf 


(8) E. C. Lee 


(8) Frank R. Norton 


(2) J. R. Britton 


(2) R. B. McIntosh EX. 


(2) Te J. Dunn 
(2) V. G. Rettig 


(1) R. N. Roberts 
Sackman 
(6) G. R. Branch 


(4) G. W. 


S. Janiszewski 
R. G. O'Sullivan 


E. H. Freeman 
Clyde C. Whipple 


R. G. Tingle W. K. Rhodes 
J. G. call R. W. Sorensen 
Arthur G. Forster L. E. Reukema 
S. A. Bottonari B. C. Dennison 

L. Brouse H. B. Dates 
E. C. McCleery Thos.J.MacKavanaugh 
R. D. Bourne W. C. Osterbrock 


F. W. Truesdell 
Walter C. Snyder 
L. Haubrich 


A. R. Powers 
Sam. R. Rhodes 
H. G. Jordan 
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LIST OF BRANCHES— Continued 
Counselor 
Name and Location District Chairman Secretary (Member of Faculty) 
Colorado, University of, Boulder,(Cold. cc. cscs cc ewe ete ne ns eade ab ie steevenets (6) Wm. J. Dowis George B. Steuart W. C. DuVall 
Cooper Union, New York, NeW ccs os cccce wie se wie oie orcas MSHS ALS 6 alle avarletec Fe maiecs (3) H. Reuter H. Grissler A. J. B. Fairburn 
ComrellcUniversityemibhaca a Nisy watecelderisierte e's cteialy sceleteroisirela clercloncuste efereraateteies (1) Alexander B. Credle J. D. McCurdy Everett M. Strong 
Denver, Univ. of, Denver, Colo......0.....--- RScvou Dee J seuanarehnene vee eueretsyaters (6) L. J. Wright R. B. Convery .R. E. Nyswander 
Detroit, Univ. of, Detroit, Mich......... 6. eee ee ee ee teen tent e eee e eee es (5) Wm. F. Haldeman W.R. Moyers H. O. Warner 
IDrexcioiictitutes chtladelp aia Piatti sce elvieiee = elaielieieter eleies «/clelerierstereliere! feiters sie tel (2) E. K. Cliver G. R. Bowers E. O. Lange 
DiskewUniversity, Durham, ON (© icra cre cimieials © lclalie ellevellosere coe) Po ou Roron od (4) R. H. Stearns H. M. Sherard W. J. Seeley 
Florida, Univ, of, Gainesville, Fla............... Salata Tages Meats G aheue oie serwiere olarere (4) J. W. McKay A. L. Webb J. M. Weil 
Georgia School of Tech., Atlanta, Ga............-0005 Oe ee peepee ie (4) Lee B. Mann J. W. Hall T. W. Fitzgerald 
Idaho; Universityof,Nioscow, Ldalvoy ic. cies oie else a eines ale ticle « ear sleFevane (9) Wayne McCoy C, E. Conway J. H. Johnson 
LowarstaterColleges eAmmess Lowa ai sieve «is uials, ale <iq, elereleleloyeleveie els) oltelel eins) sinnate ee (5) H. H. Stahl H. Kirk F. A. Fish 
Iowa State University of, lowa City, Iowa...........2eeeeeeees sin voretersteiere ne (5) Ta Ey havylor L. N. Miller E. B. Kurtz 
Kansas otate College, NMamhattan, IKanSasen sce aicieie eis sis vies viel v/aiereiele wi slew eevee (7) L. N. Lydick LC. Paslay: R. M. Kerchner 
ICANSAS RU IV VOL MEA WINCH, INANISAS © «cls of Ainiertuns loereiehel esis isle) aletelelieie/ einifeeeielteseievet sia (7) M. W. Hammond H. W. Yenzer Ga Cc. onaad 
Kentucky, Univsot Wexington, Kay a kc cciae oie © ele wleisielaisioie elelenscessi'e Sap nsttonshN Cohen (4) Wm. F. Steers R. I. Fort W. E. Freeman 
MafavyetierCollesey easton Pains scsicle sci tuciesee © ae cleleteiwutlonie eurere calumaus 6 (Sh asnelenentsys (2) E. C. Albert Wm. F. Titus Morland King 
Lehivh University, petnlehem,: Pay o....men. oe snes doce eee Siaiats hehe aires stat 50 (2) B. O. Steinert J. E. Zeaser J. L. Beaver 
Lewis Institute, Chicago, Ill.......... RO Ran ie lave Zeist ails ln sous Jette ellen suerte sCua sey Seater os (5) G. W. Malstrom E. R. Borden F. A. Rogers 
Louisiana State University, Baton Rouge, La. si..ccc seen sew ceee ees ev eres (4) Fred H. Fenn Robert A. Crain M. B. Voorhies 
Louisville; University Of, Wuouis ville Kcyircra se asiate< sie s/slel sie a lele cleleleicl™ sie elle on (4) He I. Clark O. M. Arehart D. C. Jackson, Jr. 
MatiesaUmiviersity Ofm Oot Ope ait els staieis! sista nue) eae allie le sisi e's) «vey euag foloteoyeleiscete, 6 (1) A. E. Crockett H.R. Mayers Wm. E. Barrows, Jr. 
Marquette University, 1200 Sycamore St., Milwaukee, Wis........eseseseeeee (5) H. W. Haase G. C. Reichert J. F. H. Douglas 
Massachusetis Institute of Technology, Cambridge, Mass..........++eeeeeeee (1) R. H. Swingle C. M. Twelves, Jr. W. H. Timbie 
Michigan College of Mining and Technology, Houghton, Michigan............ (5) Charles F. Sawyer B. G. Swart G. W. Swenson 
Michigan State College, East Lansing, Mich. .......-....eeeeees eRe ee (5) R.L.:Clark G. A. Whitfield L. S. Foltz 
Michigan, University of, Ann Arbor, Mich...............-20005 Sane cao Skog ae (5) Charles W. Doane Glen R. Severance B. F. Bailey 
Milwaukee, School of Engineering of, 163 East Wells St., Milwaukee, Wis....... (5) T. J. Coleman, Jr. K. O. Werwath Oscar Werwath 
Minnesota, University of, Minneapolis, Minn............e ee eee eee ee ee ence (5) R. W. Fenton W. M. Taylor J. H. Kuhlmann 
Mississippi Agricultural & Mechanical College, A. & M. College, Miss......... (4) W. F. Barksdale A. H. Peale L. L. Patterson 
Missouri School of Mines & Metallurgy, Rolla, Mo......... ccc cece eee eee ee (7) George W. Douglas J. D. Shelton I. H. Lovett 
MGSSOUTA VOI KERSIEVFOlsl Colt Dias UG non cicteicrererelsheyscecate4'2 @) eisis, vialers s/s. o's conics eins (7) L. G. Weiser W. Sevchuk M. P. Weinbach 
Montana state College;asozemas, Mont. cccct cole spatess derer edly sityers argues are: wares (9) E. B. Wilson O. Van Horn J. A. Thaler 
Nebraska wUmivensity Oise ANON HNEDI.cotemiaa ve tien eo acs Alte oN iese syns sds sin) evaleltarerenetee (6) V. L. Bollman W. E. Stewart F, W. Norris 
WevadamUniversitysOfeR eno, ING VaGac otc ale civie ine vsieyeis vis aie 215. Da ete eeye csivlaceen an (8) A. McCullom A. B. Chace S. G. Palmer 
Newark College of Engineering, 367 High St., Newark, N. J.......-..---s00-> (3) H. Harrison A. L. Davis J. C. Peet 
NeweHampshire wUniversitysor, Durham, Ne blcnsamsicin sais va eo c's meues «40 sme (1) P, Nudd D. Googins L. W. Hitchcock 
New Mexico, The University of, Albuquerque, New Mexico.......... ..seeeee (7) F. A. Stortz, Jr. W. I. Abbott F. M. Denton 
New York, College of the City of, 139th St. & Convent Ave., New York, N. Y.. (3) Eugene J. Erdos F. J. Wodicka Harry Baum 
New York University, University Heights, New York, N. Y..........2eeeeeeee (3) N. G. Schutt T. S. Humphrey J. Loring Arnold 
Worth) Carolina State College, "Raleigh, N.C... \oc.c00 mie 62 orciess eivleieews)s vlog ewes (4) H. W. Horney E. R. Price R. S, Fouraker 
North CarolinasUniversitysots @hapel tills) Nie © scree elepisl ote. cier preteteva sve syevelerne + (4) J. J. Alexander F. R. Toms J. E. Lear 
North Dakota Agricultural College, State College Station, Fargo, N. D......... (6) R. Stockstad Robert Carlson H. R. Rush 
North Dakota, University of, University Station, Grand Forks, N. D........... (6) R. W. Olson G. E. Glass H. F. Rice 
Northeastern University, 316 Huntington Ave., Boston 17, Mass............-- (Gb) R. W. Littlefield R. J. Edwards Wm. L. Smith 
Notre Dame, University of Notre Daime lid iiecioc.0 0 ecncls si pve 00 boa are ale ae) aye (5) E. G. Conroy Ben South J. A. Caparo 
OhiomNortherm University. Ada, Ohio. «sca senteuera sale d ss «ans dean aetee omens (2) J. D. McGahan R. I. Hartshorn I. S. Campbell 
OliorstatenU niversitysy© oluimts1S). © Mi Oly s1ssco ccs ots) aore scesiee onessne cue. siete) oth. gays aorallors (2) W. M. Webster R. C. Moser F, C. Caldwell 
CO HIORU OAV ELSI ys esi METIS yn OO ens crayaec Senso tieWieroranes a eee eva okcyanchecauat slay tvs! Sratevalsvare emt (2) Thomas A. Elder E. R. McCoppin A. A. Atkinson 
OkiahomarAnn cmv Colerze motillwater. OKIA..c nays sievarsies cis sls sre ve syovenreeie ones (7) H. V. Anderson E. F. Neal Albrecht Naeter 
Oklahood.wWaiversityrot Norman, Olan aurew ae vce icine aye ao nie roee atere wiaeneres (7) E. E. Brady C. W. Anthony © F. G. Tappan 
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Pennsylvania State College, State College, Pa.......cccecccseccsvecesecvacne (2) W.C. Mason Wallace J. Wood L. A. Doggttt 
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NEW CATALOGUES AND OTHER PUBLICATIONS 


Mailed to interested readers by issuing companies 

Circuit Breakers.—Bulletin 1705-B, 20 pp. Describes type 
CL carbon circuit breakers. Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Penna. 

Motor Control.—Bulletin, 32 pp., ‘Practical Pointers on the 
Selection of Motor Control.’’ Cutler-Hammer, Inc., 12th Street 
& St. Paul Ave., Milwaukee, Wis. 

Steam Turbines.—Bulletin, 112 pp. Describes the construc- 
tion of steam turbines in the Milheimer plant of the Siemens- 
Schuckertwerke Akt., Berlin-Siemensstadt, Germany. 

Railway Signal Accessories.—Catalog GHA-610, 40 pp. 
Describes electrical material used in the railway-signal field other 
than that made solely for signal purposes. General Electric 
Company, Schenectady, N. Y. 

Trench Digging Machines.—Catalog 10, 32 pp. Describes 
trench digging apparatus widely used by public utilities as well as 
accessories for underground conduit work. Cleveland Trencher 
Company, 20100 St. Clair Avenue, Cleveland, Ohio. 

Instruments.—Bulletin 210. Describes portable direct- 
current ammeters, milli-ammeters, voltmeters, milli-voltmeters, 
volt-ammeters, galvanometers, circuit testers, shunts, multi- 
pliers, ete. Roller-Smith Company, 12 Park Place, New York. 

G-E Motion Pictures.—Bulletin GES-402A, 28 pp. De- 
scribes motion pictures and illustrated lectures illustrating the 
development and application of electrical products. General 
Electric Company, Schenectady, N. Y. 

Resistance Measuring Instruments.—Bulletin 300. De- 
scribes various types of instruments for resistance measurements, 
namely types COM, GOM and SOM ohmmeters and type HTD 
circuit tester. Roller-Smith Company, 12 Park Place, New 
York. 

Insulating Oil.—Bulletin GEA-1180, 12 pp. Describes 
Transil oil No. 10-C for use in all General Electric oil-immersed 
transformers, induction voltage regulators, oil fuse cutouts, 
industrial control devices and a-c. aluminum-cell lightning ar- 
resters. It also can be used with certain types of circuit breakers. 
General Electric Company, Schenectady, N. Y. 

Splicing Tape.—Bulletin, 12 pp., Describes ‘‘Twin Tape,” 
combining rubber and friction tape in one and eliminating the 
necessity of separate rubber and friction tapes in taping joints 
and splices. The new tape has been approved by the Under- 
writers’ Laboratories of New York and Chicago and many of the 
leading public utilities. Dexter Rubber Manufacturing Co., 
2 West 45th Street, New York. 

Air Break Switches.—Bulletin 31, 16 pp. Describes Pacific 
Electric type TX-5 switches. These new switches are of the 
vertical break type, and among the outstanding features claimed 
for them are that parts are interchangeable for any method of 
mounting; standard bus or switch insulators; no cast copper 
members are used to conduct current for the blade through the 
hinge to the terminal; full floating, self-aligning contacts. 
Pacific Electric Mfg. Corp., 5815 Third Street, San Francisco, 
Cal. 

NOTES OF THE INDUSTRY 


New England Sales Manager for W. N. Matthews Corp.— 
Ernest H. Bradley has been appointed New England sales 
manager of the W. N. Matthews Corporation, St. Louis. His 
headquarters will be in the Statler Building, Boston, Mass. 
Mr. Bradley replaces Hugo Van Rosen, who has taken a resi- 
dence in Chicago. ; 

William B. Lawson, director of sales of the International 
Nickel Company of Canada, Ltd., has resigned, and has been 
elected vice-president and a director of the Harshaw Chemical 
Company, Cleveland. Mr. Lawson brings to the Harshaw Chemi- 
cal Company the experience of twenty-five years’ connection 


INDUSTRIAL NOTES 


Journal A. I. KE. E. 


SPU URRY 


with the Nickel Company during which he became well known in 
the metal and chemical industries generally both in the United 
States and Europe. 

Roller-Smith Company Appointments.—The  Roller- 
Smith Company, 12 Park Place, New York, announces the 
appointment of M. W. Seymour in the New York office as sales 
engineer. For several months previously Mr. Seymour has been 
located at the company’s works in Bethlehem, Penna. H. D. 
Stier, 101 Marietta Street, Atlanta, now represents the Roller- 
Smith Company in a number of the southern states. The 
H. N. Muller Company, First National Bank Building, Pitts- 
burgh, is now representative for western Pennsylvania, West 
Virginia and the Youngstown District in Ohio. Associated with 
H. N. Muller are H. E. Ransford and F. E. Harper. 

Monel Metal Motion Picture.—A two-reel picture telling 
the story of Monel metal has been released by the Rothacker 
Film Corporation, of Chicago. The film shows the preparation 
of the metal in its various commercial forms at Huntington, 
West Virginia, and traces its various uses in more than a score of 
different industries. Also shown in the film is the tapping of an 
eleven-ton furnace with the molten metal being poured at a tem- 
perature of 3000 degrees Fahrenheit. This is the largest non- 
ferrous electric furnace in the world. Requests for the loan of 
the picture should be addressed to the International Nickel 
Company, 67 Wall Street, New York. 


Large Motor Orders for Electrical Machinery, Mfg. Co.— 
The Electric Machinery Manufacturing Company, Minne- 
apolis, has been awarded an order for ten 300 hp. and four 500 
hp. synchronous motors to be installed in the Cambria plant of 
the Bethlehem Steel Corporation. Another order has been 
received from the Maine Seaboard Paper Company of Augusta, 
for five 3500 hp. synchronous motors for driving pulp grinders 
and two 150 kw. synchronous motor generator sets, 


A New Motor.—The Century Electric Company, St. Louis, 
Mo., has recently developed a line of totaliy enclosed, fan- 
cooled motors. The new motor is of squirrel-ceage induction 
type and, in most of the ratings, has the size advantages of a 
standard open-rated motor, plus the added advantage of full 
protection to the stator, rotor and other internal parts of the 
motor, all of which are completely isolated from the outside air. 
This effectively prevents the entrance of dust and dirt where it is 
present in abnormal quantities, or where its nature and character 
would have a deteriorating effect upon the windings or rotor. 
The motor is completely enclosed with ribbed cast-iron coil 
guards and there are no rubbing seals or air gaps, all machined 
fits. Provisions are made to circulate the air within the motor 
shell and transfer the heat to the radiating surfaces, where it is 
carried away and dissipated by the cooling air. 

Meter Accuracy in New York City.—Of the 2,188,121 
meters on the lines of The New York Edison Company, Brooklyn 
Kdison Company, United Electric Light and Power Company, 
New York and Queens Hlectric Light and Power Company, and 
the Yonkers Klectrie Light and Power Company, 310,017 were 
tested in 1929, and only 694 were found to be operating fast, or 
to the disadvantage of the consumers, according to Matthew S. 
Sloan, president. A total of 302,231 were operating accurately 
according to prescribed legal standards, and 7019 were slow, 
or registering to the disadvantage of the companies, the tests 
showed. The gain in number of meters on The New York 
Edison System in 1929 was 68,485. The greatest gain was in 
Brooklyn, with 23,619. In Queens the increase was 20,550, in 
Yonkers, 2921 and in Manhattan and Bronx, 21,395. The 
increase in meters is not an accurate index to growth in congested 
areas like Manhattan, where several six-story buildings contain- 
ing a number of meters may be replaced by a skyscraper with 
fewer meters but greatly increased consumption of current. 


